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By the time you receive this handbook, new technical information will be available on Intel PLDs. It may include 
advanced information on new devices or important new applications information for devices described in the hand- 
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In 1989, Intel introduced a new line of high-speed Mi- 
crocomputer 
Programmable 
Logic Devices (/LPLDs) 


aimed at augmenting high-performance microcomputer 
environments. 
This new family of devices provides 


high-speed support logic for the fast microcomputer 
systems of today. At the same time, our advanced 
CMOS process allows our.PLDs to significantly reduce 
power consumption and system heat dissipation, prob- 
lems that plagued the previous generation of bipolar 
PLDs. 


Industry's 
Highest 
Speed PLDs 
• High Speed 
-100 
MHz+ 
Registered 
- 
< 7 nstpD 


• Lowest Noise CMOS for 
Simplified 
High-Speed 
System Design 
• Best Solution 
for 
Metastable 
Conditions 
• Compatible 
with Existing 
Design Methods 
• Fewer Manufacturing 
Line Items 


• High Reliability/Quality 
- 
Lower Failure Rates 
-100% 
Programming 
Yields 


Specially 
Designed 
Register 
and Output 


Circuits 


Superset 
of Popular 


CMOS and Bipolar 
PLDs 


Built on Standard 
CHMOSEPROM 
Technology 


Intel's high-performance /LPLDs, along with the exist- 
ing EPLD family of devices, can be classified as "User- 
Defined Logic" circuits. User-defined logic circuits al- 
low system designers to tailor building block solutions 
to their individual systems requirements. This customi- 
zation provides the needed performance, reliability, and 
space reduction as well as design security. 


This document discusses the reasons for the trend to 
user-defined logic devices, briefly describes some imple- 
mentation alternatives, and provides detail on a solu- 
~ion that can be implemented completely by the user, 
I.e., the programmable logic device. Details on Intels 
PLD product line, including terminology, nomencla- 
ture, architectural 
features, and developmental tools, 
are also described in this document. 


System designers prefer user customized ICs for the 
following reasons: 


b. LOW1S:RSYSfEM 
COSTS: When custom LSI or 


VLSI components are used instead of standard SSI and 
MSI logic elements, there is a considerable saving in 
component cost per system, assembly and manufactur- 
ing cost, printed circuit board area and board costs and 
inventory costs. 


c. HIGHER 
PERFORMANCE: 
Reduced number of 


ICs contributes to faster system speeds as well as lower 
power consumption. 


d. HIGHER 
RELIABILITY: 
Since probability of fail- 


ure is directly related to the number of ICs in the sys- 
tem, a system composed of customized LSI & VLSI 
chips is statistically much more reliable than the identi- 
cal system made up of SSI/MSI devices. 


e. DESIGN SECURITY: Systems designed with stan- 
dard components 
can be replicated relatively easily 


whereas !iystems that contain user customized ICs can- 
not be copied because "reverse engineering" of the cus- 
tomized (:omponents is extremely difficult. Thus, use of 
customiz,:d ICs allows for the protection of proprietary 
designs. 


f. INCREASED 
FLEXIBILITY: 
Customized compo- 


nents allc·wfor the tailoring of systems to the end user's 
specific needs relatively easily. This also allows for up- 
gradability and obsolescence protection. 


USER DEFINED 
IC- 
IMPLEIMENTATION 
ALTERNATIVES 


Currently, the choices available to the system designer 
for customization of ICs (see Figure 1) are as follows: 
(I) user programmable 
ICs-programmable 
logic de- 
vices, including Field Programmable 
Gate Arrays 


(FPGAs) 
(2) mask programmable ICs-gate 
arrays 
(3) standard cell based ICs 
(4) full cllstom ICs 


Alternatives (1) & (2) are usually called 'Semicustom' 
because ill these methods only a few (less than three) of 
the mask layers involved in the manufacture of the IC, 
are customized to the users' specifications. The later 
two alternatives (3) & (4), involve customization of all 
mask layt:rs required to manufacture the ICs to the us- 
ers' specifications and are therefore called 'Custom'. 
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I 
PROGRAMMABLE 
LOGIC 
I 
GATE 
ARRAYS 


Figure 
1. User-Defined 
Logic 
Implementation 
Choices 


Most user Programmable Logic Devices (PLD) are in- 
ternally structured as variations of the PLA (program- 
mable logic array) architecture, that is composed of an 
array of 'AND' gates connected to an array of 'OR' 
gates (see Figure 2). Programmable logic devices make 
use of the fact that any logic equation can be converted 
to an equivalent 'Sum-of-Products' form and can thus 
be:implemented in the 'AND' and 'OR' architecture. 
This basic PLA structure has been augmented in most 
PLDs with input and output blocks containing regis- 
ters, latches and feedback options, that let the user im- 
plement sequential logicfunctions in addition to combi- 
national logic. 


The number and locations of the programmable con- 
nections between the 'AND' and 'OR' matrices as well 
as the input and output blocks are predetermined by 
the architecture of the PLD. The user, depending on 


his logic requirements, determines which of these con- 
nections he would like to remain open and which he 
would like to close, through the programming of the 
PLD. Programmability of these connections is achieved 
using various memory technologies such as fuses, 
EPROM ceUs,EEPROM cellsor Static RAM cells (see 
Figure 3). 


User programmability allows for instant customization, 
very similar to user programmable memories such as 
PROMs or EPROMs. The user can purchase a PLD 
off-the-shelf, use a development system running on a 
personal computer and, in a matter of a few hours, have 
customized silicon in his hands. Figure 4 compares 
user-defined logic alternatives. 


INPUT BLOCK 
(contains 
latches 
and other 
programmable 
Input options) 


OUTPUT BLOCK 
(containing 
output 
controls, 
registers, 
etc.) 
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TIME TO MARKET 
4 EASIEST DESIGN CHANGE IMPLEMENTATION 
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Figure 4. User-Defined Logic 
Alternatives 
Compared 


LIMITATIONS OF BIPOLAR FUSE 
TECHNOLOGY FOR PROGRAMMABLE 
LOGIC DEVICES 


Until 1985,all PLDs were built using Bipolar fuse tech- 
nology. The bipolar fuse based devices, although offer- 
ing the users the benefits of quick time to market and 
low development costs, had several inherent limita- 
tions. 


8. HIGH POWER CONSUMPTION: 
Bipolar pro- 
cesses by nature are power hungry and as a conse- 
quence also make for very hot systems, often requiring 
cooling aids such as heat sinks and fans. They also can- 
not operate at lower voltages (2-3V) and have a lower 
level of noise immunity than MOS devices. 


b. LOWER INTEGRATION: A fuse takes up a large 
amount of silicon area; this fact in conjunction with the 
large power requirements makes for smaller levels of 
integration. 


c. ONE·TIME PROGRAMMABILITY: Bipolar fuses 
can only be blown once and cannot be reprogrammed. 
This does not allow for easy prototyping and could re- 
sult in significant losseswhen preprogrammed parts are 
inventoried and design changes occur. 


d: TESTABILITY: Since fusescan only be blown once, 
bipolar PLDs can only be destructively tested. Thus, 
testing is usually done by sampling or through addi- 


tional testing elements incorporated in the chips, which 
can be blown to examine electrical characteristics. 
However, such testing methods never allow for 100% 
testability of all parts shipped. Thus, most users of bi- 
polar programmable logic devices resort to extensive 
post-programming testing, specific to their applica- 
tions. 


ERAS~~BLEPROGRAMMABLE LOGIC 
DEVICES 


Erasable programmable logic devices (EPLD) result 
from the matching of CHMOS EPROM technology 
with the architectures of programmable logic devices. 
EPLDs use EPROM cells as logic control elements and 
therefore, when housed in windowed ceramic packages, 
can be erased with UV light and reprogrammed. Figure 
5 shows the architecture of Intel EPLDs. 


Other than the obvious benefit of reprogrammability, 
EPLDs offer several very significant benefits over bipo- 
lar PLDs. These are: 


1. LOW POWER 
CONSUMPTION: 
Due to the 


CMOS technology, these products consume an order of 
magnitude lesspower than the equivalent bipolar devic- 
es. This allows for the design of complete CMOS sys- 
tems, that can operate at lower voltages (less than 5V). 
Also, this makes for cooler systems that do not require 
cooling systems like fans. 


2. GREATER LOGIC DENSITY: EPROM cells are 
an order of magnitude smaller than the smallest fuses. 
This means that the same function can be accommodat- 
ed in significantly smaller die area, or that greater 
amounts of logic can now be incorporated on a single 
chip. Thus higher integration programmable logic de- 
vices result with the use of EPROM elements. 


3. TESTABILITY: Since the EPROM cells are eras- 
able, the entire EPROM array of the EPLD can be 
100% factory tested. Thus, before the part is shipped to 
the customers, it can be completely tested by the pro- 
gramminl: and erasure of all the EPROM logic control 
bits. This testing is therefore independent of any appli- 
cation, in contrast to the bipolar PLDs that need appli- 
cation sJX:cifictesting. 


4. ARCHITECTURAL ENHANCEMENTS: The in- 
herent testability of the EPROM elements allows for 
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significant 
architectural 
improvements 
over bipolar 
PLDs. New features, such as buried registers, program- 
mable registers, programmable clock control, etc., can 
now be incorporated because of this testability. These 
new features allow for greatly increased utilization of 
the EPLDs and use of these devices in newer applica- 
tions. 


INPUT BLOCK 
(contolns 
lotches 
and other 
programmable 
Input options) 


5. DESIGN SECURITY: EPLDs are provided with a 
'security bit,' which when programmed does not allow 
anyone to read the programmed pattern. The logic pro- 
grammed in an EPLD cannot be seen even if the die is 
examined (unlike bipolar PLDs-a 
blown fuse is clearly 


visible) as the stored charges are captured on a buried 
layer of polysilicon. 


fiXED OR 
ALLOCATABLE 


'OR' ARRAY 


OUTPUT BLOCK 


(containing 
output 


controls, 
registers, 
etc.) 
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The steps in a generalized design process of program- 
mable logic is shown in Figure 6 and described in the 
followingparagraphs. 


STEP 1: The user decideson the logic he wants imple- 
mented in the PLD and enters the designinto the PC or 
workstation. This Design Entry may be done by the 
following methods: (i)SCHEMATIC CAPTURE-A 
'Mouse' or some other graphics input device is used to 
input schematics of the logic, (ii)NET LIST ENTRY- 
If the user has a hand drawn schematic he can enter the 
design into the computer by describingthe symbolsand 
interconnections in words using a standardized format 
called a net list (without using a graphics input device), 
(iii)STATE EQUATIONIDIAGRAM 
ENTRY-En- 


try of a sequential design involving states and tran- 
sitions between states. In the state diagram method cir- 
cles represent states and the arrows interconnecting 
them represent the transitions. Equations or a state ta- 
ble can also be used to define a state machine, and 
(iv)BOOLEAN EQUATIONS-this 
is the most com- 


mon design entry method. The logic is described in 
boolean algebraic equations. 


STEP 2: The software converts all design entry data 
into boolean equations. 


STEP 3: The boolean equations entered are converted 
to the sum of products format after logic reduction 
(minimization of the logic through heuristic algo- 
rithms). 


STEP 4: The user has the ability to choose the PLD he 
would like the design implemented on. He can enter 
device choice and/or 
he can also enter in specific 


choices on the device as regards pinout he would like 
etc ... 


STEP 5: The software optimizes the logic equations to 
fit into the device using the minimum amount of re- 
sources (resources are input pins, output pins, registers 
and product terms and macrocells). This step is where 
the user requirements as regards required pins are tak- 
en into account. The user requests are viewed as con- 
straints during the optimization process. 


STEP 6: The software, at the end of the resource opti- 
mization/allocation, produces a report detailing the re- 
sources used up in fitting the design on the PLD. This 
report allows the user to incrementally stuff in logic by 
going back to Step 1 from this stage. Also, if the design 
overflowedthe PLD, i.e., did not fit in the user chosen 
device, the software lists out the resources needed to 
complete the fit. The requirements such as four more 
inputs, one register more and one more output (are 
needed to complete the design) gives the user data in 
choosing a bigger PLD or in partitioning the intial de- 
sign to fit into two devices. 


STEP 7: The next step is to generate the appropriate 
programming pattern for the PLD. This is a standard 


"JEDEC" format interface and allowsthe output of the 
design software to be compatible with any piece of 
PROM programming hardware. 


STEP 8: PROM programmer is used to program the 
pattern stored in the JEDEC file onto the PLD. Also, 
at this stage fuseprogrammed PLDs (bipolar) are func- 
tionally tested using test vectors included in the 
JEDEC fi.leinformation. 


EPLDs are manufactured with Intel's proprietary 
CHMOS (Complementary High-Performance MOS) 
technology.The backbone of the process is the integra- 
tion of both a P and an N channel MOS transistor on 
the same :mbstrate:In addition, EPLD's programmable 
architectulremakes use of Intel's proven EPROM cell 
for programmable array interconnections as well as 
macrocell configuration bits. These cells are pro- 
grammed electrically and erased with ultraviolet light. 
For 
details 
on 
Intel's 
CHMOS 
technology and 


EPROM cells technology, refer to the Components 
Quality/Reliability Handbook. Order Number 210997. 


Designing:with Intel EPLDs is relatively straightfor- 
ward if the followingguidelinesare observed: 
• Minimize the occurrence of ESD (electro-static dis- 


charge) when storing or handling EPLDs. 


• Observe good design rules in printed circuit board 


layout. 


• Provide adequate decoupling capacitance at both 


the device and the board level. 


• Connect all unused inputs 
to 
Vcc or 
GND 


(CHMOS inputs should not be left floating). 


The two most common sources of electrostatic dis- 
charge arc:the human body and a charged environment. 


A charged human body that touches a device lead dis- 
charges electricity into the device. Electrostatic dis- 
charge from people handling deviceshas long been rec- 
ognized by manufacturers and users of all MOS prod- 
ucts. Human body static electricitycan be controlled by 
using ground straps and anti-static spray on carpeted 
floors. CHMOS devicesshould also be stored and car- 
ried in conductive tubes or anti-static foam to minimize 
exposure to ESD from people. 


Discharge also occurs when an integrated circuit is 
charged to one potential and then contacts a conductor 
at another potential. This type of ESD can be reduced 
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by grounding all work surfaces, grounding all handling 
equipment, removing static generators such as paper 
from the work area, and erasing EPLDs in metal tubes, 
metal trays, or conductive foam. 


The best PCB performance is obtained when close at- 
tention is paid to Vee, GND, and signal traces. Vee 
and GND 
should be gridded to minimize inductive 


reactance and to approximate 
a trace layer. Clocks 


should be laid out to minimize crosstalk. Ensure ade- 
quate power supply and ground pins on the board con- 
nector. 


Decoupling 


Decouple dach EPLD with a high-frequency ceramic 
capacitor in the range of 0.01 ,...Fto 0.2 ,...F,depending 
on board frequency and current consumption. For most 
applications, a 0.1 ,...F capacitor will suffice. The fol- 
lowing equation produces the exact value: 


C = 
Alec 
AVIIH 


where 
C = capacitor value 
~Iee 
= maximum switched current 
~V = switching level 
~T = switching time 


For boards 
that 
contain 
mixed logic (EPLDs 
and 


TTL), observe both EPLD and TTL decoupling prac- 
tices. 


To minimize noise receptivity and power consumption, 
all unused inputs to EPLDs should be connected to 
Vee or GND. By default, PLDshell Plus software as- 
signs unused inputs to GND. These pins shown on the 
pinout representation of the PLDshell Plus report file, 
should be connected to ground on the PCB. Pins listed 
as RESERVED on the report file must be left floating. 
Pins marked N.C. have no internal device connections 
and can also be left floating. 


BOOLEAN 
MINIMIZATION 
TECHNIQUES 
FOR SOP 
ARCHITECTURES 


Minimization plays an important role in logic design. 
Methods for minimization can be grouped into two 
classes. Class I includes manual methods for minimiza- 
tion, such as Boolean reduction or Karnaugh mapping. 
Class 2 is computer-assisted minimization. 


Tabular methods like Karnaugh maps are efficient up 
to a certain point. Past that point, however, computer- 
assisted minimization plays a crucial part in efficient 
design. Even at the computer-assisted stage, the choice 
of minimizer software has an impact on time and the 
confidence level of the reduced equation (i.e., is it in the 
smallest possible form). 


PLDshell Plus software includes a minimizer that uses 
the ESPRESSO algorithms. ESPRESSO was developed 
by U.C. 
Berkeley. The 
primary 
advantage 
of the 


ESPRESSO minimizer becomes apparent when design- 
ing large finite state machines or complex, product- 
term intensive logic designs. In these cases, ESPRESSO 
arrives at the minimize solution sooner, and frequently 
reduces the logic to a smaller number of product terms. 


£or more information on ESPRESSO, refer to Logic 
Minimization Algorithms for VLSI Synthesis, Brayton, 
Hachtel, McMullen, and Sangiovanni-Vincentelli, Klu- 
wer Academic Publishers. 
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Minimization of EPLD logic equations is normally per- 
formed by sophisticated algorithms that eliminate the 
need for tedious manual reductions. The sections pro- 
vided here contain logic reference tables for cases where 
manual reduction techniques may be desirable. 


The 
Sum-of-Product 
architecture 
used 
in 
EPLDs 
makes 
Boolean 
algebra 
ideal for design 
analysis. 
The 
following 
tables 
summarize 
standard 
Boolean 
func- 
tions. 


A*S 
A+S 


A'(S'C) 
A+(S+C) 


A' 
(S + C) 
A+S'C 


= S' A 
=S+A 


= (A • S) 'C 
Associative Property 


= (A + S) + C 


= A • S + A • C 
Distributive Property 


=(A + S)'(A 
+ C) 


0'0=0 
0'1 
= 0 
1 • 1 = 1 


Postulates 


0+0=0 
0+1 
= 1 


1 + 1 = 1 


0= 
1 
1=0 


A'O=O 
A'1 
= A 
A'A=A 
A'A=O 


Theorems 


A+O=A 


A + 1 = 1 
A+A=A 
A+A=1 


(A + S + C + D) 
(A' S' C' D) 
A'S'C'O 
A+S+C+O 


A'A 
A+A 
A 


A III S = A EXCLUSIVE 
OR S 


AANDA 


AORA 


A NOT 
AS + AS 


Graphical 
representation 
of data is usually easier to an- 


alyze than 
strings 
of ones and zeros. 
The 
Karnaugh 


Map techniques 
take advantage 
of this capability 
and 


provide an important 
tool to the logic designer. 


AS 


CD 
0001 
11 10 


00 
0 
4 
12 8 


01 
1 
5 
13 9 


11 
3 
7 
15 11 


10 
2 
6 
14 10 


•• 
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Five Variables 


BC 
A=O 
A=1 
BC 


DE 
00 01 11 10 
0001 
11 10 
DE 


00 
0 
4 
12 
8 
16 20 28 24 
00 


01 
1 
5 
13 
9 
17 21 29 25 01 


11 
3 
7 
15 11 
19 23 31 27 11 


10 
2 
6 
1410 
18 22 30 26 10 
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Six Variables 


CD 
B=O 
B=1 
CD 


EF 
0001 
11 10 
0001 
11 10 
EF 


00 
0 
4 
12 
8 
16 20 28 24 00 


01 
1 
5 
13 
9 
17 21 29 25 01 
A=O 
11 
3 
7 
15 11 
19 23 31 27 11 


10 
2 
6 
1410 
18 22 30 26 10 


00 32364440 
48 52 60 56 00 


01 33 37 45 41 
49 53 61 57 01 
A=1 
11 35 39 47 43 
51 55 63 59 11 


10 34 38 46 42 
5054 
62 58 10 


EF 
0001 
11 10 
00 01 11 10 
EF 


CD 
CD 
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This subsection includes truth tables and excitation ta- 
bles for the flip-flops supported by EPLDs. 


0 
QN 
QN + 1 
0 
0 
0 
0 
1 
0 
1 
0 
1 
1 
1 
1 


QN 
QN + 1 
0 


0 
0 
0 
0 
1 
1 
1 
0 
0 
1 
.1 
1 


T 
QN 
QN + 1 
0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 


QN 
QN + 1 
T 


0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 
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J 
K 
aN 
aN + 1 


0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
1 
1 
0 
1 
1 
1 
1 
0 


aN 
aN + 1 
J 
K 


0 
0 
0 
x 
0 
1 
1 
X 
1 
0 
X 
1 
1 
1 
X 
0 


S 
R 
aN 
aN + 1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 


1 
1 
Illegal 


aN 
aN + 1 
S 
R 


0 
0 
0 
x 
0 
1 
1 
0 
1 
0 
0 
1 
1 
1 
X 
0 


NOTES: 
ON= Present State 
ON + , = NextState 
X = Don'tCare 


AUTOMATIC STANDBY MODE 
(TURBO Bin 


Most Intel EPLDs contain a programmable bit, the 
Turbo Bit, that optimizes devices for speed or power 
savings. When TURBO = ON, EPLDs are optimized 
for speed. When TURBO = OFF, they are optimized 
for power savings by automatically entering standby 


mode when input or I/O transitions are not detected 
over a short period of time. The following paragraphs 
describe how the Turbo Bit affects power and speed in 
EPLDs. 


Most Intd EPLDs contain circuitry that monitors in- 
puts and feedbacksfor transitions. When a transition is 
detected while the deviceis in standby mode, the circuit 
generates an active pulse. The leading edge of this pulse 
wakes the device up and the device responds according 
to its pro,gramming,changing outputs as necessary. If 
no new transitions occur during the active pulse, the 
device enters standby mode again. Outputs are always 
held valid in standby mode. Input transitions that oc- 
cur during the active mode interval retrigger the active 
pulse. The active pulse is different depending on the 
device (5C060, 5AC312, etc), but is typically several 
times the propagation delay for a particular device. 


In applications with infrequent input transitions, stand- 
by mode can result in significant power savings (see the 
appropriate data sheet for standby power vs. active 
power). The slight speed loss associated with waking up 
a device is in the range of 0-30 ns, which is small 
enough to allow standby mode to be used with most 
applicatio:ns(see the appropriate data sheet for effect of 
Turbo Bit on performance). 


In cases where the slight speed loss associated with 
waking a device from standby mode cannot be traded 
off to save power, the Turbo bit can be enabled for 
maximum speed operation. With the Turbo Bit en- 
abled, the device is always in active mode, thus avoid- 
ing the wakeup delay. Note that data sheet perform- 
ance is sJX~cifiedwith the Turbo Bit enabled. 


The Turbo Bit is enabled/disabled via a TURBO = 
ON or TURBO = OFF statement in a PLDshell Plus 
PDS or ADF option statements. It can also be enabled/ 
disabled by editing the JEDEC file using device pro- 
gramming software. With TURBO = ON the device 
will be programmed for high speed; with TURBO = 
OFF the device will be programmed for automatic 
standby (power savings). The default (erased) state is 
OFF. 
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Already in wide use throughout the electronics indus- 
try are numerous different Programmable Logic Devic- 
es. Most common PALs and GALs can be replaced or 
upgraded with the following Intel PLDs: 


The 85C220 is a direct, drop-in replacement for most 
20-pin PALs/GALs, 
although some PALs have an in- 
compatible architecture. 
The 85C220 runs at up to 
100 MHz with external feedback. 


The 85C224 is a direct, drop-in replacement for most 
24-pin PALs/GALs, 
although some PALS have an in- 
compatible architecture. 
The 85C224 runs at up to 
100 MHz with external feedback. 


The 85C060IPLD61O is NOT a drop-in replacement 
for any 24-pin bipolar PAL, though it can functionally 
replace many higher-density devices. Some modifica- 
tion of CLK and OE signals may be required. 


The PLD22VIO is a direct, drop-in replacement for all 
24-pin PALs/GALs. 
The 85C22VlO includes superset 
features such as Invertible CLK and expanded feed- 
back options. 


·PALis a registered trademark of Advanced MicroDevices. 
·GALis a registered trademark of Lattice Semiconductor. 
Incorporated. 


85C220 
As a 20-Pln PAL Replacement 


100% 
Compatible 


10H8, -2 
12H6, -2 
14H4, -2 
16H2, -2 
10L8, -2 
12L6, -2 
16L8, A-2, A-4 
16R4, A-2, A-4 
14L4, -2 
16L2, -2 
16R8, A-2, A-4 
16R6, A-2, A-4 
16P8, -2 
16RP8, -2 
16RP6, -2 
16RP4, -2 
16V8 


16R6A 
16R4A 
16L8A 
16RP6A 
16RP4A 
16P8A 
16R8A 
16RP8A 
16V8A 
18P8 
18V8 


85C224 
As a 24-Pln PAL Replacement 


100% 
Compatible 


14L8 
16L6 
18L4 
20L2 
20L8 
20R8 
20R6 
20R4 


20L8A 
20R8A 
20R6A 
20R4A 
20V8 


85C060/lPLD610 
As a 24-Pln PAL Replacement 


Modified 
Replacement 


20RA10 
22V10 
32V10 
26V10 
26V12 


85C22V10/PLD22V10 
As a 
24-Pln PAL Replacement 


100% Compatible 


22V10 
22VP10 
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Intel EPLDs meet the same Quality and Reliability 
standards as Intel's microprocessors and memories. Re- 
liability is not just tested, but is designed into each com- 
ponent Intel manufactures. This assures you that Intel 
EPLDs 
will meet 
your 
system's 
quality/reliability 


needs through its life. 


The methods used to guarantee the quality and reliabil- 
ity of Intel EPLDs parallels the methods used with In- 
tel EPROMs. 
Intel's 
Component Quality/Reliability 
Handbook. 
together 
with Reliability 
Report RR-35. 
EPROM Reliability Data Summary. 
can provide the 


generic information needed to assess Intel's design and 
testing procedures for EPLDs. Current quality data for 
specific EPLDs is published in RR-64, Intel PLD Qual- 
ity/Reliability 
Data Summary. 
printed in this hand- 


book. 


Intel EPLDs are available in several packages to meet 
the wide requirements of customer applications. Cur- 
rent information on available packages is available from 
your local Intel field sales engineer. Detailed informa- 
tion on package dimensions, etc. for a particular pack- 
age is provided in Packaging Outlines and Dimensions, 
Order Number 321369, which covers all Intel packages. 


SOFTWARE 
AND PROGRAMMING 
SUPPORT 


Intel provides design software and programming equip- 
ment to support its PLDs. In addition, Intel PLDs are 
supported by all major compiler and programmer man- 
ufacturem. Refer to the appendix to this handbook for 
detailed information. 


intel. 


The Intel EPLD Technical Hotline is manned by appli- 
cation personnel every business day. The number for 
the United States and Canada is 1-800-323-EPLD (1- 
800-323-3753). Outside of the U.S. and Canada, con- 
tact your local Intel Sales Office. The Hotline is provid- 
ed to assist with technical questions concerning Intel 
EPLDs. A recorder is connected for receiving messages 
during ofT-hoursor when all applications personnel are 
busy handling calls. 


Intel 
has 
a Bulletin 
Board 
System for 
registered 
PLDshell Plus customers to electronically transfer in- 
formation. Any registered PLDshell Plus user with a 
modem can log onto the system. The current number is 
(916) 985-2308. If your communication software sup- 
ports file transfers, you can receive utilities, software 
updates, and the latest information on EPLDs via the 
Bulletin Board. 


Data format for the BBS is as follows: 
Start Bits: I 
Stop Bits: 
I 
Data Bits: 8 
Speed: 
300 or 1200 BAUD 


Transmit/receive 
protocols supported are: 


ASCII 
XMODEM 
KERMIT 
TELINK 
Cyclic Redundancy on 'XMODEM 


Intel has hardware designers who can help you with 
your EPLD designs. For more information on design 
assistance, contact your local Intel field sales office or 
the EPLD Technical Hotline. 
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Family 
FX 
PLD 
5AC 
5C 


FLEXlogic FPGA (Field Programmable Gate Array) 
Industry Standard PLD 
Advanced Architecture 
PLD 
Standard Architecture 
PLD 


Package 
Type 
D 
Hermetic, Type D (Cerdip) Dip 
N 
Plastic, Leaded Chip Carrier 
P 
Plastic Dip and Plastic Flatpack 
X 
Unpackaged Device 


A 
- 
Indicates automotive operating temperature range (- 4O"Cto + 125°C) 
J 
- 
Indicates a JAN qualified device, but is for internal identification purposes only. All JAN devices must be 
ordered by M38510 part number. (Example: M38510/42001 IIQB), and will be marked in accordance with 
MIL-M-38510 specifications. 


L 
- 
Indicates extended operating temperature range (-4O"C 
to + 85°C) express product with 160 + 8 hrs. 


dynamic bum-in. 


OM 
- 
Indicates military operating temperature range (- 55°C to + 125°C) 
Q 
- 
Indicates commercial temperature range (OOCto 700C)express product with 160 + 8 hrs. dynamic bum-in. 


T 
- 
Indicates extended temperature range (- 4O"Cto + 85°C) express product without bum-in. 


- 
No letter indicates commercial temperature range (OOCto 700C) without bum-in. 


Examples: 


QD5C060-45 Commercial with bum-in, ceramic Dip, 060 (600 gate} device, 45 nanosecond. 
°On military temperature devices, B suffix indicates MIL-STD-883C ll:vel B processing. 
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Ooe- Time 
Programmable 
(OTP) 
Plastic 


296032-13 


• 


PLD 
Packages 
Pins 
Mcells 
Dedic. 
tpD 
fCNT1 
tsu 
teo 
IOL 
Icc(mA)@ 
Device Typel Application 
(Regs) 
Inputs 
(ns) 
(MHz) 
(ns) 
(ns) 
(mA) 
Freq. (MHz) 


85C220-80/66 
D,P 
20 
8 
10 
10,12 
80 
7 
5.5 
12 
60@80 
High-speed,20-pin PAL/GAL superset 


N,M 
20 
(register optimized) 


85C220-7/10 
N 
20 
8 
10 
7.5,10 
74 
7 
6.5 
24 
105 @74 
High-speed, 20-pin PAL/GAL superset 
(tpD optimized) 


85C224-80/66 
D,P 
24, 
8 
14 
10,12 
80 
7 
5.5 
12 
60@80 
High-speed,24-pin PAL/GAL superset 
N,M 
28 
(tpD optimized) 


85C224-7/10 
N 
28 
8 
14 
7.5,10, 
74 
7 
6.5 
24 
105 @ 74 
High-speed, 24-pin PAL/GAL superset 
15,25 
(register optimized) 


85C22V10 
D,P 
24 
10 
12 
10,15 
71.4 
7 
7 
16 
130 @ 15 
High-speed, 22V10 superset; Invertible 
N 
28 
CLK, Expanded Feedback options 


85C060 
D,P 
24 
16 
4 
10,12, 
74 
7 
6.5 
12 
90@ 1 
High-speed, general purpose; 5C060/ 
N,M 
28 
15,25 
EP610/EP630 speed upgrade 


85C090 
D,P 
40 
24 
12 
12,15, 
50 
11 
9 
12 
150 @ 1 
High-speed,general purpose; 5C090/ 
N 
44 
20,25 
EP910/EP930 speed upgrade 


85C508 
D,P 
28 
8 
16 
7.5,10 
3 
4.5 
12 
25 @ 100 
High-speed address decode/latch; 
N 
28 
latches 
(tSEU) 
(tEQ) 
active-low outputs 


5AC312 
D,P 
24, 
12 
10 
25.30 
33.3 
15 
15 
8 
100@)333 
Advanced 
architecture, 
genera! purpose: 


N,M 
28 
dual feedback, p-term allocation, 
2 Set/Reset DE p-terms, synchronous/ 
asynchronous clocks 


5AC324 
D,P 
40, 
24 
12 
25,30 
33 
12.5 
17.8 
8 
175 @33 
Advanced architecture, general purpose: 


N 
44 
dual feedback, p-term allocation, 
2 Set/Reset/DE p-terms, synchronous/ 
asynchronous clocks 


PACKAGES: 
D = Ceramic Dual In-Line Package (Windowed for UV Erase) 
N = Plastic J-Iead Chip Carrier (One-Time Programmable) 
P = Plastic Dual In-Line Package (One-Time Programmable) 
M = Military versions available (some speeds/packages); refer to Military Handbook (210461) 


'PAL is a registered trademark of Advanced Micro Devices, Inc. 
'GAL is a registered trademark of Lattice Semiconductor, Corporation. 
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PLD 
Packages 
Pins 
Mcells 
Dedic. 
tPD 
fCNT1 
tsu 
tco 
IOL 
Icc(mA)@ 
Device Type! Application 
(Regs) 
Inputs 
(ns) 
(MHz) 
(ns) 
(ns) 
(mA) 
Freq. (MHz) 


PLD16V8XP-7!10 
N 
20 
8 
10 
7.5,10 
74 
7 
6.5 
24 
105 @ 74 
High-speed, 
20-pin PAL "/GAL" 
replacement 


PLD20V8XP-7/10 
N 
24, 
8 
14 
7.5,10 
74 
7 
6.5 
24 
105 @ 74 
High-speed, 
24-pin PAL/GAL 
replacement 


28 


PLD22Vl0 
P,N 
24, 
10 
12 
10,15 
71.4 
7 
7 
16 
130 @ 15 
High-speed,22Vl0 


28 


PLD610 
P,N 
24, 
16 
4 
10,15,25 
74 
7 
6.5 
12 
105 @ 1 
High-speed, 
general 
purpose; 
EP610/EP630 


28 
speed upgrade 


PLD910 
P,N 
40, 
24 
12 
12,15,25 
66.7 
8 
7 
12 
150@ 
1 
High-speed, 
general 
purpose; 
EP91 0 speed 


44 
upgrade 


PLD 
Packages 
Pins 
Mcells 
Dedic. 
tpD 
fCNT1 
tsu 
tco 
IOL 
Icc(mA)@ 
Device Type! Application 
(Regs) 
Inputs 
(ns) 
(MHz) 
(ns) 
(ns) 
(mA) 
Freq. (MHz) 


5C032 
D,P 
20 
8 
10 
30,35,40 
25 
23 
17 
4 
30 @ 25 
General 
purpose 
PLDs; interface 
logic, state machine 


sequencers/ 
controllers 


5C060 
D,P 
24 
16 
4 
45,55 
16.6 
38 
22 
4 
95 @ 96.6 
General 
purpose 
PLDs; interface 
logic, state machine 


N,M 
28 
sequencers/ 
controllers 


5C090 
D,P 
40 
24 
12 
50,60 
16.4 
38 
23 
4 
150 @ 16.4 
General 
purpose 
PLDs; interface 
logic, state machine 


N,M 
44 
sequencers/ 
controllers 


5C180 
N,M 
68 
48 
16 
70,75,90 
12.1 
53 
29 
4 
200 @ 12.2 
General 
purpose 
PLDs; interface 
logic, state machine 


sequencers/ 
controllers 


PACKAGES: 
D = Ceramic 
Dual In-Line Package 
(Windowed 
for UV Erase) 
N = Plastic J-Iead Chip Carrier (One-Time 
Programmable) 
P = Plastic Dual In-Line 
Package 
(One-Time 
Programmable) 
M = Military versions 
available 
(some speeds/packages); 
refer to Military 
Handbook 
(210461-009) 


"PAL is a registered 
trademark 
of Advanced 
Micro Devices, 
Inc. 


"GAL 
is a registered 
trademark 
of Lattice 
Semiconductor, 
Corporation. 
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• 


• 
High Performance FPGA(Field 
Programmable Gate Array) 
- 
Deterministic 10 ns Pin-to-Pin 
Propagation Delays 
- 
80 MHz System Clock Frequency 


• 
5,000 Equivalent Logic Gates or up to 
10,240Bits of SRAM 


• 
0.8J.L CHMOS*Technology 
- 
Power Management Options 
Minimize Active Power Consumption 
(1.5 mA/MHz) 
- 
Zero Power Standby 


• 
JTAG 1149.1Compatible Test Port 
- 
Supports Boundary Scan and In- 
circuit Reconfiguration/Programming 


• 
Eight Configurable Function Blocks 
(CFBs) Linked by a 100% Connectable 
Matrix 
-Improves 
Fitting of Complex Designs 


• 
Any tCFBcan be either 24V10 Logic or 
SRAIIIIBlock 
- 
Up to 80 Complex Macrocells 
-128 
x 10 SRAM Configuration 
- 
CFB Selectable 3.3V or 5V Outputs 
- 
Open-Drain Output Option 


• 
24V10 Macrocell Features 
- 
Dual Feedback on All 1/0 Pins 
- 
Allocation Supports up to 16 Product 
Terms Per Macrocell with No 
Performance Penalty 
-12 
Clocking Options 
- 
FIE!xiblePreset/Clear Options 
-Selectable 
DIT/JK/SR 
Flip-Flops 
- 
Fast 12-Bit Identity Compare Option 


• 
Supported by Industry Standard Design 
and Programming Tools 


Pins 
Package 
Macrocells 
I/O 
Inputs 
CIl)ck 
JTAG/Vpp 
Vcc 
GND 


84 
PLCC 
80 
60 
0 
2 
5 
8 
9 


132 
PQFP 
80 
80 
22 
,2 
5 
10 
13 
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The iXF780 is the first member 
of the Intel FLEXlog- 


ic FPGA 
(Field 
Programmable 
Gate 
Array) 
family. 


The 
iFX780 
consists 
of eight 
configurable 
function 
blocks 
(CFBs) linked by a 100% connectable 
matrix. 
Each CFB can be defined 
either 
as a 24V10 
logic 


block or as a block of 128 x 10 SRAM. 
This combi- 


nation will provide 
approximately 
5,000 gates of log- 
ic in either 
PLCC or PQFP packages. 


The iFX780 uses Intel's 0.8f! CHMOS 
EPROM tech- 
nology to provide an 80 MHz external 
clock frequen- 


cy with predictable 
10 ns pin-to-pin 
delays. 
This ad- 
vanced 
process 
technology 
combined 
with 
power 
management 
options 
enables 
very 
low active 
and 


standby 
power 
consumption. 


The unique 
combination 
of features 
available 
in the 


iFX780 
make 
it ideal 
for a wide variety 
of applica- 


tions. 
For example, 
the high pertormance 
and flex- 


ible clock 
options 
provided 
are designed 
to support 


functions 
such as bus control, 
custom cache control, 


and DRAM control 
for the current 
and next genera- 


tion 
of Intel 
microprocessors. 
The 
very 
low power 


consumption 
and 
user selectable 
5V /3.3V 
outputs 
allow the iFX780 
to be used in mixed voltage 
appli- 
cations 
such 
as 
portable 
or 
embedded 
systems 


where 
CPUs operating 
at 3.3V still need to commu- 


nicate to 5V peripherals. 
The combination 
of SRAM 


and logic in a single 
device 
becomes 
a big advan- 


tage 
when 
designing 
communication 
controllers 
or 


bus interface 
controllers 
where 
memory 
is required 


for buffering 
data in addition 
to the logic for the con- 


troller 
design 
itself. 


Flexible Testing and Programming 


The 
iFX780 
also 
provides 
dedicated 
JT AG 
1149.1 


compatible 
pins to support 
boundary 
scan, in-circuit 


reconfiguration, 
and programming 
modes. 
In-circuit 


reconfiguration 
not only allows the designer 
ultimate 


flexibility 
in prototyping 
new designs, 
but also sup- 
ports applications 
where the final configuration 
is not 


fixed. New configurations 
may be downloaded 
to the 


iFX780 
upon power-up 
to reflect 
changes 
in system 


organization 
or design 
requirements 
that cannot 
be 


determined 
at production 
time. 


Flexible Tools Support 


The FLEX Logic FPGA family 
is supported 
by indus- 


try 
standard 
design 
entry/programming 
environ- 


ments 
including 
Intel's 
PLDshell 
Plus™ 
software. 


This software 
runs on i386TM 
or higher PC-compati- 


ble platforms. 


The Global 
Interconnect 
Matrix that connects 
each 


of the CFB blocks 
is 100% connectable. 
Any combi- 


nation of signals in the matrix can be routed into any 
CFB block, 
up to the maximum 
fan-in 
of the block 


(24). 


This 
high 
degree 
of 
connectivity 
between 
CFB 


blocks 
eliminates 
routing 
problems 
during rework 
of 


a complex 
design. 


Each 24V10 
block contains 
a product 
term array, a 


P-Term Allocation 
circuit, 
10 macrocells, 
clocks 
and 


I/O logic in the familiar architecture 
of a simple 
PLD. 


The 
24V10 
CFB 
blocks 
have 
a superior 
fan-in 
to 


macrocell 
ratio (2.4:1). This improves 
the fitting 
ca- 


pacity of the iFX780 
architecture 
by providing 
more 


available 
interconnect 
lines from the global intercon- 


nect matrix for each macrocell. 


The 
24V10 
blocks 
also 
provide 
two 
asynchronous 


Clear/Preset 
control 
terms 
and two Output 
Enable 


control 
terms 
(with 
an inversion 
option 
for 
each). 


Within each 24V10 block an identity 
compare 
circuit 
is available 
that 
can 
perform 
a compare 
of up to 


12 bits within the tpD of the device. 


intele 


~ 


GND 


Block Level 
OE Controls 


... 
.... 
r "'acrocell 
CLK PIN<) 
"t 


Delay~ 
~elay 
r 


CLK PIN~_"'_a_cr_oc_e_lI_ 


Macrocell 
Configurations 


Each 
I/O 
of the device 
has dual (internal 
and pin) 


feedback 
paths shown 
in Figure 2. This allows 
mac- 


rocells to be used for buried logic while the I/O pins 
are used ciS inputs. Depending 
on the package 
used, 


some mac:rocell outputs 
may not be brought 
outside 


the package. 
These 
I/Os 
may still be used to pro- 


vide buried logic since internal 
feedback 
is available. 


The macn:>cells can be configured 
either 
as a fast 


combinatclrial 
block, a D-register, 
or aT-register. 
J/K 


and SIR registers 
are available 
as software 
emula- 


tions. 


There 
are three 
clocking 
modes 
available 
for every 


macrocell 
(see Figure 3): synchronous, 
delayed, 
and 


asynchronous. 
Table 
1 shows 
the 
different 
timing 


options 
ea.ch clock 
mode offers. 
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Synchronous 
is the standard clock mode where the 
register clock is driven directly from one of the two 
global clock pins. 


Delayed clock is similar to synchronous, 
but there is 


a local delay added (within the CFB) to either of the 
two synchronous clock signals. 


Asynchronous 
mode is where the register clock 
uses one of the two local CFB ACLK product terms. 


Table 1. Clock Mode Timings 


Mode 
Tsu 
THOLD 
Teo 


Synchronous 
6.5 
0 
6 


Delayed 
5 
2 
8 


Asynchronous 
2 
5 
12 


In addition, each clocking mode may be inverted to 
allow the macrocell register to be clocked either on 
the rising or falling edge of the clock signal. This 


CLKI 


Delayed 
CLKl 


CLK2 


Delayed 
CLK2 


Olablll 
Int••.•••••Met 
24 


combination provides up to twelve different clock 
options for each macrocell. 


There are 4 control signals in each CFB in addition 
to the clocks (see Figure 4). These include two Out- 
put Enable (OE) signals, and two asynchronous 
Clear/Preset signals. Each control signal is generat- 
ed by a single product term from the local 24V10 
AND array with an inversion option. This allows mul- 
tiple product term control equations to be imple- 
mented. 


Each 24V10 block provides a comparator circuit 
(see Figure 5). This circuit can do an identity com- 
pare of up to 12 signals, within the TPDof the de- 
vice. 


Figure 4. Control Signals 
2-6 
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D-A=B 


The 
number 
of bits that 
can 
be compared 
is only 


limited 
by the fan-in 
of the CFB. Since the fan-in 
is 


24 signals, 
a 12-bit comparator 
is the maximum 
im- 


plementation 
possible. 


When less than 12 bits are being compared, 
the oth- 
er signals available 
from the Interconnect 
Matrix can 


be used 
in equations. 
For instance, 
doing 
an 8-bit 


compare 
still leaves 8 other signals on the block fan- 
in (24-16 
= 8). The bits being compared 
may also 


be used to implement 
SOP logic in parallel 
with the 


compare 
function. 


The output 
of the comparator 
circuit may be used in 


place of any of the product 
term pairs in the product 


term allocation 
logic allowing 
the compare 
result to 


be used in any macrocell. 
However, 
only one of the 


ten macrocells 
in the CFB can use the comparator 


output. 


The iFX780 uses the patented 
Intel product 
term al- 


location 
scheme, 
which gives better utilization 
of the 


P-term 
resources 
without 
the 
performance 
penalty 


of 
other 
approaches. 
The 
P-terms 
are 
typically 


grouped 
into sets 
of two 
product 
terms 
each, 
and 


there are two sets per macrocell. 


Each 
macrocell 
may borrow 
from 
adjacent 
macro- 


cells in order to increase 
the total number of P-terms 


to a maximum 
of 8. In addition, 
the macrocells 
locat- 


ed at the "ends" 
of each CFB have access 
to addi- 


tional 
product 
terms 
and 
can 
support 
up 
to 


16 P-term 
equations 
(see 
Figure 
6). The 
perform- 


ance of any macrocell 
is the same whether 
2 or 16 


P-terms 
ara being used. 


int:el. 
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SRAM Configuration 


Each 
iFX780 
CFB 
block 
can 
be 
configured 
as a 
128x10 (128 words by 10 bits) SRAM block (see Fig- 
ures 7 and 8). The SRAM 
is accessed 
in a conven- 
tional 
manner 
by using 7 bits of the 24 signal fan-in 
as address 
information 
and 10 bits as data-in. Three 
bits are used for BE, WE, and OE controls 
(see Ta- 
ble 2). 


Inputs 
Cycle 
1/0 Pins 
BE 
WE 
OE 


1 
X 
X 
None 
Disabled 


0 
1 
1 
Read 
Disabled 


0 
1 
0 
Read 
Enabled 


0 
0 
1 
Write 
Disabled 


0 
0 
0 
Write 
Enabled 


It is possible 
to define the SRAM memory either with 
a bidirectional 
1/0 data bus or with a separate 
input 
data bus and output 
data bus. 


The 
SRAM 
memory 
bits 
are initialized 
by the 
on- 
chip 
non-volatile 
configuration 
cells 
during 
power- 
up. Therefore, 
the 
data 
in the 
SRAM 
can be pre- 
configured 
at 
programming 
time. 
As 
long 
as 
no 
memory writes to this block are executed, 
the SRAM 
will contain 
a copy 
of the 
nonvolatile 
cells. 
In this 
way, 
the 
SRAM 
block 
can 
be used 
as read 
only 
memory 
(ROM). 


When a CFB is configured 
as a SRAM, regular Sum- 
of-Product 
logic 
is unavailable 
in that 
block. 
All of 
the macrocells 
and P-terms 
have been converted 
to 
SRAM 
use. 


Different 
sized SRAM 
organizations 
are possible 
by 
cascading 
multiple 
CFBs 
to increase 
the 
width 
or 
depth 
of the memory. 


The 
iFX780 
can 
be configured 
to 
enable 
a weak 


feedback 
pullup 
option 
on any CFB input. This op- 


tion can be used to reduce 
power 
consumption 
for 
5V inputs 
but may increase 
leakage 
currents 
during 


input transitions. 


block may be connected 
to either 5V or 3.3V to con- 


trol the output voltages 
of the 1/0 pins in that block. 


This allows the iFX780 
to be used in mixed voltage 


systems. 
For example, 
the 
iFX780 
device 
may be 


used as an interface 
to bridge between 
a 3.3V CPU 


and 5V p'3ripheral logic. In addition, 
all input pins are 


5V safe so mixing 3.3V outputs 
and 5V inputs is sup- 


ported. 


Power sequencing 
is required 
when any or all CFBs 


operate 
at 3.3V levels. 
In this case, the 5V source 


must 
be equal 
to or greater 
than 
the 
3.3V source 


during 
power-up. 
During 
power-down, 
the 
3.3V 


source 
must be less than or equal to the 5V source. 


Open Clrain Output Option 


The 
devil=e can 
also 
be configured 
to 
enable 
an 


open drain output option for each 1/0 pin. If desired, 
more complex 
equations 
can be implemented 
by us- 


ing multiple 
open 
drain 
outputs 
with 
an externally 


supplied 
pull-up resistor 
to emulate 
an additional 
OR 


plane. 


TTL velrsus CMOS Outputs 


There is a weak pullup provided 
for CMOS compati- 


ble outPU"ts. This pullup is always active in both 3.3V 
and 5V modes. 


The 
JTAG/IEEE 
1149.1 
Standard 
Boundary 
Scan 


architecture 
is implemented 
in the iFX780. 
This fea- 


ture supports 
fault isolation 
testing 
of board designs 


at the 
component 
level 
and 
enhances 
production 


testing, 
fil31d repair, 
and 
is ideal 
for 
Fault 
Tolerant 


applications. 


The 
iFX7130 boundary 
scan 
support 
consists 
of an 


Instruction 
Register, 
a Data Register, 
scan cells, and 


associated 
logic 
which 
are 
accessed 
through 
the 


Test ACCEISSPort (TAP). The TAP interface 
consists 


of three 
inputs: Test Mode Select 
(TMS), Test Data 


In (TDI) and Test Clock (TCK), and one output: 
Test 


Data Out (TDO). 


The boundary 
scan cells of the iFX780 
external 
sig- 


nals are I nked to form 
a shift 
register 
chain 
for all 


active pin:,. This chain provides 
a path which can be 


used to shift in test stimulus 
as well as shift out test 


response 
data for inspection. 


Output Configuration 
For example, 
a continuity 
test may be performed 
be- 


tween twe, JTAG devices 
on a circuit 
board by plac- 


3.3V SELECTION 
ing a known 
value on the output 
buffers 
of one de- 


vice while 
observing 
the 
input 
buffers 
of the other 


The pins in an I/O block can operate 
at 3.3V by tying 
device. 
This 
same 
technique 
may be used 
to per- 


the. approp.riate 
Vee9 
pins ~o a 3.3V power 
supply. 
form simple in-circuit 
functional 
testing 
of the iFX780 


While 
the 
IFX780 
stili 
requires 
5V Vee 
for normal 
for protot}'ping 
new system 
designs. 


operation, 
the Veea 
pin associated 
with each 
CFB 
2-9 


int:el. 


ClK1 
ClK1 


Delayed 
ClK 1 


ClK2 
ClK2 


Delayed 
ClK2 


7 
I/O 
Addre •• 


10 
Dolo 
In 
BE 
SRAM 
I/o 


OE 


WE 


I/o 
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The 4-pin JT AG test interface 
is also used for stan- 
dard programming, 
in-circuit 
reconfiguration, 
and in- 


circuit 
programming. 


Boundary 
Scan Instructions 


The iFX780 
boundary 
scan Instruction 
Register 
(IR) 


supports 
public 
instruction 
opcodes, 
"semi-public" 
instruction 
opcodes 
used 
for 
the 
ProgramlVerify 


modes, 
and additional 
Intel private 
instructions. 


The EXTEST instruction 
drives the output pins to the 


values 
contained 
in the boundary 
scan 
cells which 


allows 
testing 
of 
circuitry 
external 
to 
the 
iFX780 
package, 
typically 
for printed 
circuit 
board 
intercon- 


nects. 


The BYPASS 
instruction 
selects 
the one bit ByPass 


Register, 
(BPR), to be connected 
to TDI and TDO. 


SAMPLE/PRELOAD 
(IR Opcode 00001 Binary) 


The SAMPLE/PRELOAD 
instruction 
is used for two 


functions. 
The SAMPLE/PRELOAD 
instruction 
1) al- 
lows a "snap-shot" 
of the values 
of the pins of the 


iFX780 
in an unobtrusive 
manner 
and 2) preloads 
data to the iFX780 
pins to be driven 
to the system 


circuit 
board 
when 
executing 
the 
EXTEST 
instruc- 
tion. 


The IDCODE 
instruction 
selects 
the ID code register 


to 
be 
connected 
to 
TDI 
and 
TDO 
allowing 
the 


IDcode 
to be serially 
shifted 
out of TDO. 


The 
UESCODE 
instruction 
selects 
the 
User 
Elec- 
tronic 
Signature 
(UES) register 
to be connected 
to 


TDI and TDO 
allowing 
the UES code 
to be serially 


shifted 
out of TDO. 


The 
HIZ instruction 
sets 
all I/Os 
to a high imped- 
ance state. 


The 
iFX780 
supports 
in-circuit 
reconfiguration 
and 


in-circuit 
programming 
through 
the use of the 4-pin 


JT AG test 
port. 
Downloading 
a new 
configuration 


can be accomplished 
by simply shifting the new data 


into the clevice. 


This 
may be done 
as many 
times 
as desired 
in a 


prototyping 
scenario. 
Once 
the final 
version 
of the 


design 
is confirmed 
it may be programmed 
into the 


non-volatile 
cells so that the configuration 
will not be 


lost even when the power 
is turned 
off. This is also 


done through 
the use of the JT AG test port plus the 


programming 
voltage 
pin (Vpp). 


For 
mOrE! details 
on 
in-circuit 
reconfiguration 
and 


programming 
please refer to the iFX780 
Device Pro- 


grammin~1 and 
In-Circuit 
Reconfiguration 
Specifica- 


tion and supporting 
application 
notes. 


A programmable 
security 
bit controls 
access 
to the 


data programmed 
into the device. Once this security 


bit is set, the design 
cannot 
be read out of the non- 


volatile 
colis or the SRAM. The state of the nonvola- 


tile secur'ty 
bit at power-up 
determines 
access 
and 


cannot 
bEl changed 
by in-circuit 
reconfiguration. 


PLDshell 
Plus is a sophisticated 
development 
tool 


for Intel programmable 
logic and is all you need to 


begin 
designing 
with 
Intel 
FPGAs. 
With 
PLDshell 


Plus, you can develop, 
compile, 
and 
simulate 
effi- 


cient designs 
for Intel FPGAs and PLDs. 


PLDshell 
Plus includes 
several 
enhancements 
over 


earlier versions: 


- 
Design Merge 


- 
SRAM Configuration 
Support 


- 
Compare 
Operation 
Support 


- 
Simulation 
Support 
for Intel FPGA 


- 
Vector 
Notation 


Full Mouse 
Support 


- 
DevicEl Selector 


Design Merge 


PLDshell 
Plus can merge 
multiple 
PDS design 
files 


into any Intel 
PLD, including 
the 
Intel iFX780. 
The 


Merge 
function 
makes 
it easy for designers 
to con- 


solidate 
multiple 
PLDs 
into a single, 
high-perform- 


ance FPGA or PLD. 
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PLDshell 
Plus supports 
all of the innovative 
architec- 
tural features 
of the iFX780 through 
the implementa- 


tion of new language 
syntax 
such as: 


- 
SRAM configuration 


- 
Compare 
operation 


- 
Buried macrocells 


- 
Clocking 
options 


- 
3.3V and 5V options 


PLDshell 
Plus allows 
the designer 
to simulate 
the 
internal 
function 
of any Intel FPGA or PLD for rapid 


design 
verification. 


PLDshell 
Plus provides 
the following 
simulation 
ca- 


pabilities: 


- 
Event-driven 
simulation 
of combinatorial, 
regis- 
tered, 
and state machine 
designs 


- 
Ability to set any input, preload 
any register, 
and 
compare 
any output 
against 
an expected 
value 


- 
Ability 
to group 
signals 
together 
(form a vector) 


to simulate 
a bus 


- 
Generation 
of test 
vectors 
from 
simulation 
re- 
sults for inclusion 
in the JEDEC file 


- 
Simulation 
history file with ability to output a sub- 
set of signals 
to a secondary 
trace file 


The designer 
can develop 
the logic design first, and 


then use the PLDshell 
Plus device 
selector 
to pick a 


list of appropriate 
devices. 
After 
a design 
is com- 
piled or estimated 
through 
PLDshell 
Plus a report file 
is generated. 
Contained 
in the report 
file is a listing 


of suggested 
devices 
appropriate 
for the target 
de- 
sign. 


Listed 
below 
are the 
minimum 
requirements 
for 
a 


system 
in order to use PLDshell 
Plus: 


- 
Intel 386 based 
PC compatible 


- 
2MB RAM (minimum) 


- 
VGA monitor/adaptor 


- 
DOS 3.1 (or later) 


THIRD-PARTY 
SUPPORT 
DESIGN 


SOFTWARE 


Third party tools 
support 
will be provided 
by the fol- 


lowing vendors: 


•• Acugen 


- 
ATGENTM Test Generation: 
Automatically 
gener- 


ates 
high 
coverage 
functional 
test 
vectors 
for 


programmable 
logic devices. 


•• Cadence 


- 
Composer™: 
Comprehensive 
suite of design en- 


try, debug and documentation 
capabilities. 


- 
Verilog-XLTM 
and VHDL-XLTM: 
Digital logic simu- 


lators and interactive 
debug environment. 


•• Data I/O 


- 
ABELTM: 
Design 
software 
allowing 
you 
to 
de- 


scribe and implement 
logic designs. 


- 
PLDtestTM 
Plus: 
Integrated 
software 
package 


that combines 
a testability 
analysis 
of the device 


under design 
or test with fault grading 
and auto- 


matic test vector 
generation. 


•• Logical 
Devices 


- 
CUPLTM: 
High 
level, 
universal 
design 
software 


package. 


•• Mentor 
Graphics 


- 
Design 
ArchitectTM: 
Integrated 
system 
of sche- 


matic, symbol, 
and text editors 
for capturing 
de- 


signs. 


- 
QuickSim™: 
High 
performance 
logic 
simulator 


for function 
and performance 
verification 
. 


•• Minc 


- 
PLDesigner-XL(R): 
Powerful 
design tool that can 


be used for all types of programmable 
logic with 


automatic 
device 
selection, 
automatic 
partition- 


ing and functional 
simulation. 


•• OrCAD 


- 
PLD Tools 
& Schematic 
Design 
TooITM: 
Soft- 


ware tool environment 
including 
schematic 
entry, 


test vector 
generation 
and multiple 
forms 
of in- 


put. 


- 
Verification/Simulation 
TooITM: 
Series 
of 
soft- 


ware 
tools 
for 
performing 
timing-based 
simula- 


tion of designs. 


; _ .•. _ ,I 
••. .,..... 
. 
. 
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Ing setup and hold violations in a design. 
§Imulatlon models willoe provlaed by therollowlng 


• Viewlogic 
vendors: 


_ 
ViewPLD & PowerviewTM:Integrated schematic 
• Logic Modeling Corporation 
capture and simulation environment. 
- 
Smart Model: Device model support for behav- 
iors.!simulation through a variety of simulators. 


• Viewlogic 


Programming Support will be provided following ven- 
dors: 


• BP Microsystems 
- 
PLD 1100 


• Data liD 
- 
Unisite 2900/3900 
• Elan 


- 
Model 6000 


• Logical Devices 
- 
ALLPRO 


• SMS, 


- 
Sprint Plus 
• 
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Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage(1) 
-2.0 
+7.0 
V 


Vpp 
Programming Supply 
-2.0 
+13.5 
V 
Voltage(1) 


VI 
DC Input Voltage(1,2) 
-0.5 
Vcc+0.5 
V 


tSTG 
Storage Temperature 
-65 
+150 
·c 


tAMB 
Ambient 
-10 
+85 
·c 
Temperature(3) 


NOTICE: This data sheet 
contains 
information 
on 


products in the sampling and initial production phases 
of development. 
The specifications 
are subject 
to 


change 
without 
notice. 
Verify with your local 
Intel 


Sales office that you have the latest data sheet be- 
fore finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the inputs may undershoot to -2.0V 
or overshoot to +7.0V for periods 


less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also available. 


Symbol 
Parameter 
Min 
Max 
Units 


VcclVcca 
Supply Voltage 
- 5V 
4.75 
5.25 
V 


Vcca 
Output Supply Voltage 
- 3.3V 
3.0 
3.6 
V 


VIN 
Input Voltage 
0 
Vcc 
V 


Va 
Output Voltage 
0 
VCCO 
V 


TA 
Operating 
Temperature 
0 
+70 
'C 


tr 
Input Rise Time 
500 
ns 


tf 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


VIH(5) 
High Level Input Voltage 
2.0 
Vcc 
+ 0.3 
V 


Vll(5) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VaH 
5V TTL High Level Output 
2.4 
V 
I/O = - 4.0 mA D.C., 
Vcc = Min 


5V CMOS High Level Output 
Vcca 
-0.2 
V 
I/O = -20 
/LA D.C., 


Vcc = Min 


3V High Level Output Voltage 
Vcca 
-0.2 
V 
I/O = - 20 /LA D.C., 
VCC = Min 


Val 
5V Low Level Output Voltage 
0.45 
V 
I/O = 12.0 mA D.C., 
Vcc = Min 


3V Low Level Output Voltage 
0.2 
V 
I/O = 20 /LA D.C., 
Vcc = Min 


II 
Input Leakage 
Current 
±10 
/LA 
Vcc = Max, 
VIN = GND or Vcc 


NOTES: 
4. Typical values are at TA = 25'C, Vcc = 5V. 
5. Absolute values with respect to device GND; all over and undershoots due to system and tester noise are included. 
Do not attempt to test these values without suitable equipment. 
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Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


loz 
Output Leakage 
Current 
±10 
/LA 
Vee = Max, VOUT = GND or 
Vee 


ISC<6) 
Output Short Circuit Current 
-30 
-120 
mA 
Vee = Max, VOUT = 0.5V 


ISB 
Standby 
Power Supply Current 
1 
mA 
VIN = Vee or GND. Outputs 
Open 


Ice Active 
Power Supply Current 
1.5 
mAper 
VIN = Vee or GND, Outputs 


MHz 
Open. Device Programmed 
as Four 20-Bit Counters 
. 


NOTE: 
6. Not more than 
1 output 
should 
be tested 
at a time. 
Duration 
of that test should 
not exceed 
1 second . 


Commercial 


Specification 
S1 
CL 
Measured 
Output Value 


R1 
R2 


tpD 
Closed 
35 pF 
3300 
2000 
1.5V 


tpzx 
Z-+ 
H:Open 
1.5V 


Z-+ 
L: Closed 


tpxz 
H -+ 
Z:Open 
5 pF 
H -+ 
Z: VOH - 
0.5V 


L-+ 
Z: Closed 
L-+Z:VOL 
+ 0.5V 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 2V. f = 1.0 MH:~ 
10 
12 
pF 


CIO 
I/O Capacitance 
VOUT = 2V. f = 1.0 MHz 
12 
15 
pF 


CeLK 
Clock Pin Capacitance 
VOUT = 2V. f = 1.0 MHz 
15 
18 
pF 


Cvpp 
Vpp Pin Capacitance 
f = 1.0 MHz 
12 
15 
pF 


NOTE: 
7. These 
values 
are evaluated 
at initial 
characterization 
and whenever 
design 
modifications 
occur 
that 
may affect 
capaci- 
tance. 


• 
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COMBINATORIAL 
MODE A.C. CHARACTERISTICS 


(TA = O°C to + 70°C, VCC = 5.0V 
±5%) 


iFX780-10 
IFX780·15 


Symbol 
Parameter 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


tpO(8) 
Input or 1/0 to Output Valid 
10 
15 
ns 


tpZX(9) 
Input or 1/0 to Output Enable 
12 
18 
ns 


tpXZ(9) 
Input or 1/0 to Output Disable 
12 
18 
ns 


telR 
Input or 1/0 to Asynchronous 
Clear/Preset 
15 
20 
ns 


teoMP 
Comparator 
Input or 1/0 
10 
15 
ns 


Feedback 
to Output Valid 


REGISTER 
MODE-iFX780-10 
CLOCK A.C. CHARACTERISTICS 


(TA = O°C to + 70°C, VCC = 5.0V 
±5%) 


Symbol 
Parameter 
Synchronous 
Delayed 
Sync 
Async 
Units 


Min 
Max 
Mln 
Max 
Min 
Max 


fCNT1(8) 
Max Counter 
Frequency 
80 
76.9 
71.4 
MHz 
1/(tsu + teo1)-External 
Feedback 


fCNT2(8) 
Max Counter 
Frequency 
80 
76.9 
71.4 
MHz 
1/(teNT)-lnternal 
Feedback 


fMAX(8) 
Max Frequency 
(Pipelined) 
100 
92.9 
80 
MHz 
1/(tep)-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
6.5 
5 
2 
ns 


tH 
Input or 1/0 Hold Time from ClK 
0 
2 
5 
ns 


teo1 
ClK 
to Output Valid 
6 
8 
12 
ns 


te02 
ClK 
to Output Valid Fed Through 
16 
18 
22 
ns 


Combinatorial 
Macrocell 


teNT 
Register 
Output 
Feedback 
to Register 
Input- 
12.5 
13 
14 
ns 
Internal 
Path 


tel 
ClK 
low 
Time 
4 
4 
5 
ns 


teH 
ClK 
High Time 
4 
4 
5 
ns 


tep 
ClK 
Period 
10 
10.5 
12.5 
ns 


NOTES: 
8. Half outputs 
switching 
per block. 


9. tpzx 
and tpxz 
are measured 
at ±O.5V 
from steady 
state voltage 
as driven 
by specified 
output 
load. tpxz 
is measured 
with 
CL = 5 pF. Z -+ Hand 
Z -+ l are measured 
at 1.5V on output. 
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REGISTER 
MODE-iFX780-15 
CLOCK A.C. CHAFlACTERISTICS 
(TA = O·C to +70·C, 
vcc 
= 5.0V 
±5%) 


Symbol 
Parameter 
Synchronous 
Delayed 
Sync 
Async 
Units 
Min 
Male 
Min 
Max 
Min 
Max 


fCNT1 
Max Counter 
Frequency 
50 
50 
50 
MHz 
1/(tsu 
+ tco1)-External 
Feedback 


fCNT2 
Max Counter 
Frequency 
50 
50 
50 
MHz 
1/ (tCNT)-lnternal 
Feedback 


fMAX 
Max Frequency 
(Pipelined) 
66.7 
62.5 
62.5 
MHz 
1/(tcp)-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
11 
8 
3 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
2 
6 
ns 


tC01 
ClK 
to Output Valid 
9 
12 
17 
ns 


tC02 
ClK 
to Output Valid Fed Through 
19 
22 
27 
ns 
Combinatorial 
Macrocell 


tCNT 
Register 
Output Feedback 
to Register 
20 
20 
20 
ns 
Input-Internal 
Path 


tCl 
ClK 
low 
Time 
7 
7 
7 
ns 


tCH 
ClK 
High Time 
7 
7 
7 
ns 


tcp 
ClK 
Period 
15 
15 
15 
ns 


INPUT 
OR I/O 
) 


\Po 


COMBINATORIAL 
OUTPUT 


\Pxz 
HIGH 
IMPEDANCE 


COMBINATORIAL 
OR 
3-STATE 


REGISTERED 
OUTPUT 


\Pzx 


HIGH 
IMPEDANCE 
3-STATE 
VALID 
OUTPUT 


lcLR 


VALID 
OUTPUT 
, ASYNCHRONOUS 


CLEAR/PRESET 
OUTPUT 


290459-13 
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iFX780-10 
iFX780-15 
Symbol 
Parameter 
Units 


Min 
Max 
Min 
Max 


tRC 
Read Cycle Time 
15 
20 
ns 


tAA 
Address 
Access 
Time 
15 
20 
ns 


tABE 
Block Enable Access 
Time 
15 
20 
ns 


toE(1) 
Output Enable to Output Valid 
10 
15 
ns 


tOH 
Output Hold from Address 
Change 
2 
3 
ns 


tBLZ(1) 
Block Enable to Output in Low Z 
3 
5 
ns 


tBHZ(1,2) 
Block Disable to Output in High Z 
10 
15 
ns 


tOLZ(1) 
Output 
Enable to Output in Low Z 
3 
5 
ns 


~--- 


NOTE: 
WE held at VIH. 


IFX780·10 
IFX780·15 
Symbol 
Parameter 
Units 
Mln 
Max 
Mln 
Max 


twc 
Write Cycle Time 
15 
20 
ns 


tsw 
Block Enable to End of Write 
12 
16 
ns 


tAw 
Address 
Valid to End of Write 
15 
20 
ns 


tAS 
Address 
Set-up Time 
3 
4 
ns 


twP 
Write Pulse Width 
12 
16 
ns 


tWR 
Write Recovery 
Time 
0 
0 
ns 


tow 
Data Valid to End of Write 
12 
16 
ns 


tOH 
Data Hold Time 
0 
0 
ns 


toHZ(l, 
2, 3) 
Output Disable to Valid Data In 
10 
13 
ns 


NOTES: 
1. These 
signals 
are measured 
at ± O.5V from 
steady 
state 
voltage 
as driven 
by specified 
output 
load. Z -+ Hand 
Z -+ L 
are measured 
at 1.5V on output. 


2. These 
signals 
are measured 
with CL = 5 pF. 
3. Ooes not apply 
for separate 
data in and data out buses. 
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twe 


--I 


tAW 


-tAS 
I 
twP 
tWR-- 
I\. 


!, 
10HZ 
low-l-loH 
IN/~~~ 
O_UT 
f=__I_N__ 1---- 


NOTE: 
Cycle shown is for common data in and data out bus. 


twe 


--J 


tAW 
\. 


-tAS 
I 
law 
tWR- 
, 
\. 
/ 


" 
10HZ 
. 
low- 
-loH 


IN/~~~::::::::::::::O:UT::::::::::::::f 
__ ,N__ l---- 


NOTE: 
Cycle shown is for common data in and data out bus. 
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./ 


./ 


./ 


./ 


./ 


./ 
./ 


./ 


teNT 
(t.4Hz) 


Conditions: 
T A = + 25·C. VCC = 5V 


POWER-UP 
RESET 
CHAR,"CTERISTICS 
Because 
Vcc rise can vary significantly 
from one ap- 
plication 
to another, 
Vcc 
rise must 
be monotonic. 
The power-up 
cycle is complete 
within a delay of tpR 
after Vcc 
reaches 
the VON value. 


Symbol 
Parameter 
Value 


tpR 
Power-Up 
Reset Time 
100 p..sMax 


VON 
Turn-On 
Voltage 
4.75V Min 
Internal 
power-up 
reset 
circuits 
ensure 
that all flip- 
flops 
will be reset to a logic 0 after the device 
has 
powered-up. 
Also, 
the JT AG TAP controller 
will be 
put into the Test-Logie-Reset 
state. 
• 
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Table 
4 lists the dedicated 
pin names 
and descrip- 


tions. 


Pin 
Description 
Name 


Vcc 
Supply voltage 
for the iFX780. All must 
be connected 
to 5V. 


VSS 
Ground connections 
for the iFX780. All 
must be connected 
to GND. 


Vpp 
Programming 
voltage 
for the iFX780. 
During programming, 
12.75V must be 


supplied 
to this pin. When not in 
programming 
mode, this pin may be 


connected 
to Vcc or GND. 


INx 
Input only pins. These pins may not be 
available 
on all packages. 


TDI 
The Testability 
Data Input is the boundary 
scan serial data input to the iFX780. 
JT AG instructions 
and data are shifted 


into the iFX780 on the TOI input pin on 
the rising edge of TCK. 


TOO 
The Testability 
Data Output is the 


boundary 
scan serial data output from the 


iFX780. JT AG instructions 
and data are 


shifted out of the iFX780 on the TOO 
output on the falling edge of TCK. 


TCK 
The Testability 
Clock input provides 
the 


boundary 
scan clock for the iFX780. TCK 


is used to clock state information 
and 
data into and out of the iFX780 during 
boundary 
scan or programming 
modes. 
The maximum 
operating 
frequency 
of the 
boundary 
scan test clock is 20 MHz. 


TMS 
The Testability 
Control input is the 
boundary 
scan test mode select for the 


iFX780. 


Table 
5 lists the 
user defined 
pin names 
and 
de- 


scriptions. 


Pin 
Description 
Name 


VCCOx 
Supply voltage for the outputs 
of the 


CFBs. Connecting 
these pins to + 5V 


causes the CFB to output 5V signals. 
Connecting 
these pins to + 3.3V causes 


the CFB to output 3.3V signals. 


CLKx 
Global clocks. 


I/Oxx 
Pins that can be configured 
either as an 


input or an output. 


'''",-I''''.rt 
I""url"" I"""\"I\."UC 


117 
(vecoo) 
111 
ClKl 
11. 
(vpp) 
(veeol) 
111 
120 
1000 
1010 
115 


121 
1001 
1011 
114 
122 
1002 
1012 
11. 
123 
1003 
1013 
112 
124 
100. 
IOU 
m 
125 
(vss) 
CFB 0 
CFB 1 
(vss) 
110 
128 
1005 
1015 
101 
127 
1006 
1016 
108 
128 
1007 
1017 
107 
128 
1008 
1018 
108 
130 
1009 
1019 
105 
131 
(TOO) 
-- 


INO 104 
132 
(TOI) 
-- 


INI 
103 
1 
IN21 
-- 


IN2 
102 
2 
IN20 
-- 


IN3 
lOt 
• 
IN19 
-- 


IN. 
100 
4 
IN18 
-- 


IN5 •• 
5 
IN17 
1039 
•• 
I 
1029 
1038 
.7 
7 
1028 
1037 
•• 
I 
1027 
1036 
115 
• 
1026 
1035 
90 
10 
1025 
CFB 3 
(vss) 
to 
11 
(vss) 
CFB 2 
••• 
10H 
t2 
12 
10H 
to) 
1033 
1I1 
l' 
1023 
W 
1032 
to 
14 
1022 
Z 
1031 
1I9 
18 
1021 
Z 
1030 
88 
11 
1020 
0 
(vee) 
87 
17 
(vss) 
to) 
(VCCo3) 
III 
11 
(vss) 
a: 


(VCCOS) 88 
1. 
(vceo2) 
W 


(vss) •• 
20 
(vceo.) 
••• 


(vss) 
83 
21 
(vce) 
Z 
10SO 
82 
22 
10.0 
10S1 
•• 
23 
10.' 
..J 
IOS2 
ea 
•• 
10H 
<C 
1053 
7t 
25 
10.3 
m 
105. 
78 
28 
IOU 
0 
CFB 5 
(vss) 
77 
27 
(vss) 
CFB 4 
..J 
1055 
71 
28 
10.5 
CJ 


1056 
78 
28 
10.6 
IOS7 
74 
30 
10.7 
1058 
73 
31 
10.8 
1059 
72 
32 
10.9 
IN6 
71 
33 
IN16 
IN7 
70 
•• 
IN15 
IN8 
III 
35 
INU 
IN9 
88 
•• 
IN13 
IN10 
17 
37 
IN12 
(TCK) •• 
•• 
INll 
(TWS) •• 
••• 
1069 
1079 
•• 
••• 
1068 
1078 
83 
41 
1067 
1077 
82 
42 
1066 
1076 
81 
•• 
1065 
1075 
ea 
•• 
(vss) 
CFB 6 
CFB 7 
(vss) 
8• 
•• 
10•• 
107. 
68 
•• 
1063 
1073 
87 
u 
1062 
1072 
68 
•• 
1061 
1071 
88 
•• 
1060 
1070 
•• 
50 
(VCCo6) 
(vss) 
•• 
ClK2 
82 
(vceo7) 
51 
290459-19 
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84-PIN PLCC PACKAGE 


3 
ClK1 
4 
(VPP) 
(VCCol) 
2 


5 
1000 
1010 
1 


1001 
1011 
84 


1002 
1012 
83 


1003 
1013 
82 


1004 
IOU 
81 


CFB 0 
CFB 1 
(vss) 
80 


1005 
1015 
79 


1006 
1016 
78 


1007 
1017 
77 


1008 
1018 
76 


1009 
1019 
75 


10 
(TOO) 
11 
(TOI) 
1039 
74 


12 
1029 
1038 


13 
1028 
1037 
73 


14 
1027 
1036 


15 
1026 
1035 
72 


16 
1025 
t- 
CFB 3 
(vss) 
71 


17 
(VSS) 
CFB 2 
0 
1034 


18 
1024 
W 
1033 
70 


19 
1023 
Z 
1032 


20 
1022 
Z 
1031 


21 
1021 
0 
1030 
69 


22 
1020 
0 


23 
(VSS) 
a: 
(VCC) 
68 


24 
(VCCo2) 
W 
{VCCo3/VCCo7} 
67 


25 
(VCCoO/VCCo4) 
t- 
(VCCo5) 
66 


26 
(VCC) 
Z 
(VSS) 
65 


27 
1040 
...I 
1050 
64 


1041 
~ 
1051 
63 


1042 
m 
1052 
62 


28 
1043 
0 
1053 
61 


1044 
...I 
1054 
60 


29 
(VSS) 
CFB 4 
CJ 
CFB 5 
(vss) 
59 


30 
1045 
1055 
58 


1046 
1056 
57 


31 
1047 
1057 
56 


1048 
1058 
55 


32 
1049 
1059 
54 


(TCK) 53 
(TMS) 
52 


33 
1069 
1079 
51 


34 
1068 
1078 
35 
1067 
1077 
50 
36 
1066 
1076 
37 
1065 
1075 
49 


38 
(VSS) 
CFB 6 
CFB 7 
39 
1064 
1074 
40 
1063 
1073 
48 


41 
1062 
1072 
42 
1061 
1071 
43 
1060 
1070 
47 


44 
(VCCo6) 
(VSS) 
46 


ClK2 
45 
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iFX740 
10 ns FLEXlogic™ 
FPGA FAMILY WITH SRAM OPTION 


• 
High Performance 
FPGA (Field 


Programmable Gate Array) 
- 
Deterministic 
10 ns Pin-to-Pin 
Propagation 
Delays 
- 
80 MHz System Clock Frequency 


• 
2500 Equivalent Logic Gates or up to 
5,128 Bits of SRAM 


• 
0.8IL CHMOS· Technology 
- 
Power Management Options 
Minimize Active Power Consumption 
(0.75 mAfMHz) 


- 
Zero Power Standby 


• 
Four Configurable 
Function Blocks 


(CFBs) Linked by a 100% Connectable 
Matrix 
- 
Improves Fitting of Complex Designs 


• 
Any CFB Can Be either 24V10 Logic or 
SRJIM Block 
- 
Up to 40 Complex Macrocells 


- 
128 x 10 SRAM Configuration 


- 
CFB Selectable 3.3V or 5V Outputs 


- 
Open-Drain Output Option 


• 
24V10 Macrocell Features 
- 
Dual Feedback on All 110 Pins 


- 
Allocation 
Supports up to 16 Product 


Terms per Macrocell with No 
Performance 
Penalty 
- 
1:2Clock Options 
- 
F~exible Preset/Clear 
Options 


- 
S,electable OfT f JKfSR Flip-Flops 


- 
Fillst 12-Blt Identity Compare Option 


• 
SUPI~orted by Industry Standard Design 
and Programming Tools 


Pins 
Package 
Macrocells 
I/O 
eLK/ 
Vpp/Vccl 
Inputs 
GND 


44 
PLCC 
40 
32 
2 
10 


68 
PLCC 
40 
40 
16 
12 


iFX7160 
10 ns FLEXlogic™ FPGA FAMILY WITH SRAM OPTION 


• 
High Performance FPGA (Field 
Programmable Gate Array) 
- 
Deterministic 10 ns Pin-to-Pin 
Propagation Delays 
- 
80 MHz System Clock Frequency 


• 
10,000Equivalent Logic Gates or up to 
20,480 Bits of SRAM 


• 
0.8,..,CHMOS· Technology 
- 
Power Management Options 
Minimize Active Power Consumption 
(2.5 mA/MHz) 
- 
Zero Power Standby 


• 
JTAG 1149.1Compatible Test Port 
- 
Supports Boundary Scan and 
In-Circuit Reconfiguration/ 
Programming 


• 
16 Configurable Function Blocks (CFBs) 
Linked by a 100% Connectable Matrix 
-Improves 
Fitting of Complex Designs 


• 
Any CFB Can Be Either 24V10 Logic or 
SRAM Block 
- 
Up to 160 Complex Macrocells 
- 
128 x 10 SRAM Configuration 


- 
CFB Selectable 3.3V or 5V Outputs 


- 
Open-Drain Output Option 


• 
24V10 Macrocell Features 
- 
Dual Feedback on All I/O Pins 


- 
Allocation Supports up to 16 Product 
Terms per Macrocell with No 
Performance Penalty 
- 
12 Clock Options 
- 
Flexible Preset/Clear Options 


- 
Selectable D/T/ JK/SR Flip-Flops 


- 
Fast 12-Bit Identity Compare Option 


• 
Supported by Industry Standard Design 
and Programming Tools 


Pins 
Package 
Macrocells 
I/O 
eLKI 
JTAG/Vpp 
Vcc/GND 
Inputs 


132 
PQFP 
160 
92 
4, 
5 
31 


196 
PQFP 
160 
160 
8 
5 
23 


Electronic 
design 
has been a process 
of defining 
and 
implementing 
"black 
boxes". 
System level parameters 


are defined, 
and the system 
black box is broken 
into 


subsystem 
black boxes, which are subdivided 
again and 


again 
until 
the 
component 
level is reached. 
FPGAs 


were developed 
to function 
as large, highly-integrated 


black boxes to implement 
diverse logic functions, 
and 
the FLEXlogic 
FPGA 
family gives a designer the ulti- 
mate, flexible black box. 


FLEXlogic 
FPGAs 
were designed to meet increasingly 


stringent 
design requirements. 
The first members of the 
FLEXlogic 
family can operate 
at 80 MHz system fre- 


quencies with predictable 
10 ns pin-to-pin 
logic delays. 
FLEXlogic 
FPGAs 
are 
designed 
with 
Configurable 


Function 
Blocks (CFB) that can function 
as 24VIO-like 


logic or SRAM. The CFBs are interconnected 
with In- 


tel's high-speed 
Global Interconnect 
Matrix that allows 


PLD-like 
performance 
in a high density device. Besides 


traditional 
sum-of-products 
and 
register 
logic 
func- 


tions, FLlEXlogic CFBs can also perform 
fast identity 


compares 
or be configured 
as a block 
of 
128 x 10 


SRAM. 


You 
can 
start 
developing 
with 
FLEXlogic 
now 


using Intel's free PLDshell 
Plus development 
tool. This 


tutorial 
will show you how to create 
a simple design 


using PLDshell 
Plus. You can also create 
FLEXlogic 


designs using the development 
tools that you now use; 2 


FLEXlogilc FPGAs 
are supported 
on most third-party 


developffi<~nt tool systems. 


intel.. 


or fewer product terms, but some functions require 
many more product terms to implement. Giving each 
macrocell enough resources to implement all functions 
is wasteful and expensive, but macrocells must also be 
able to implement large, complex functions. FLEXlo- 
gic™ 
uses 
an 
innovative 
product-term 
allocation 


scheme to maximize resource utilization and design fit. 
Pairs of product terms are steered from one macrocell 
to its neighbor, allowing macrocells to implement func- 
tions with up to 16 product terms. 


FLEXlogic™ 
FPGAs are as easy to design with as the 
earliest PLDs; simply write the logical equations, devel- 
op a truth table, or enter the schematic equivalent. 


out! = in! • in3 
+ in4 • inS • in6 • in? • inS • in9 • inlO 


Up to !6 product terms can be included in a single 
sum-of-products equation. Most functions require three 


Figure 2. Product 
Term Allocation 
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requmng one pass through a Configurable Function 
Block tak,e 10 ns. This includes 16 product-term equa- 
tions and 12-bitidentity compares. 
Identity compares can be defined in parallel with other 
logic functions: 


Function .resultscan be loaded into macrocell registers. 
Each regiiitercan be individually configured as a D or 
T register. SR and JK registers can also be emulated. 
Register clocking is user programmable in each macro- 
cell, accommodating a variety of timing requirements. 
Registers can be clocked on the rising or falling edge of 
an external clock, a delayed external clock, or a func- 
tion generated clock. 


The comparator uses the same inputs as other CFB 
logic, and works in parallel, so that compares can be 
included in logic equations, and still deliver the result 
in 10 ns. 


Determining if FLEXIogic can meet your timing re- 
quirements is equally easy; all combinatorial functions 


'~ 


GNO 


Block 
Lovel 


OE Controls 


sYnc/Oe~ 


A~ 
I 
-----'0 


PIN 
clkl 
outl.CLKF 
= clkl 
out2.CLKF = fclkl 
out3.CLKF = clkl 
DELAYCLK 
out4.CLKF = 1n8*1n3*1n4 


;def1ne 
a synchronous 
clock 
;clock 
on r1s1ng 
edge 
;clock 
on fal11ng 
edge 
;delayed 
clock 
;funct10n 
generated 
clock 


The result, either registered or combinatorial, of each macrocell is always feedback to the Global Interconnect 
Matrix. The macrocell's I/O pin can be an output, input, or bi-directional, and is always available to the Global 
Interconnect Matrix. 


outl.TRST = VCC 
out2.TRST = GND 
out3.TRST = 1nl*1n2 


;ded1cated 
output 
;ded1cated 
1nput 
;b1-d1rectional 


• 


inteJ· 


BUFFRAM[O :6).ADDR = AO, AI, 
A2, A3, A4, A5, A6 
BUFFRAM[O :9).DATA = DIN[O:9) 
BUFFRAM.BE 
= in8 
BUFFRAM.WE = write_enable 


The physical limitations of silicon demand that high-performance electrical designs move to 3.3V or lower voltages. 
FLEXlogic FPGAs are the first programmable logic devices to address designers' needs for 3.3V and 5V logic. Each 
CFB can be configured as 3.3V or 5V logic by tying its Vceo pin to the appropriate supply voltage. Adding 3VOLT 
or 5VOLT to a macrocell's pin definition allows the compiler to group it with other cells with the same logic level. 


Function, 
Pin, and JEDEC Compatibl4! 
with EP600, EP610, 


EP610A, EP630, PALCE610, 
85C060 and 5C060 PLDs 


• tpD 10 ns, 100 MHz Counter Frequency 
• Extensive Software and Programming 
(wIInternal Feedback) 
Support via Intel and Third Party Tools 


• Clocking Speed Same as -7 
ns PAL' 
• l-Mic:ron CHMOS' III-E EPROM 
(74 MHz wI External Feedback) 
Technology 
• lee = 105 mA max. @ 1 MHz 
• Programmable Low-Power Option for 
• 16 Macrocells with Programmable 1/0 
"Standby" Operation; 20 /LATyp. in 
Architecture (RegisterICombinatorial). 
Standby Mode 


Registers Configurable as D/T/JK/RS 
• Prog rammabie "Security Bit" Allows 
Types 
Total Protection of Proprietary Designs 


• Up to 20 Inputs (4 Dedicated and 16 
• 100°;',Generically Tested Logic Array 
1/0) 
• Available in 300-mil 24-Pin PDIP and 28 
• 8 P-Terms, Selectable SOP Invert, Clear 
Pin PLCC Packages 
and OE P-Terms for Each Macrocell 
• 85C060 also Available in 24-Pin CerDIP 
• Programmable Clock System with 2 
Pack,age 
Synchronous Clocks and Asynchro- 
(See Packaging Specifications Order Number 
••240800-001, 


nous Clocking Option on all Registers 
Packago Type Nand P) 


'" 
~ 
CLKI 
Vcc 
ci 
"- 
:5 
u u 
ci 
u u 
~ ~ u 
> 
> ~ ~ 


INP1 
INP4 


1/0,9 
1/0,1 
I/O 10 
1/0,2 
1/0,10 
1/0,2 
1/0,11 
1/0,3 


1/0,11 
1/0,3 
1/0,12 
1/0.4 
1/0,12 
1/0.4 
• 


1/0.13 
1/0.5 
1/0,13 
IPLD61 0 
1/0.5 


1/0.14 
1/0.6 
1/0.14 
1/0.6 
1/0,15 
1/0.7 


1/0.15 
1/0.7 
NC 
NC 


1/0.16 
1/0.8 
15 16 17 
INP2 
INP3 
~ '" 
0 
0 
'" ~ 
"" 
GND 
CLK2 
"- 
z 
z :5 
ci 
ci ~ 
C> 
C> 
U ~ ~ 
~ 
290455-1 
290455-2 


Figure 1. iPLD610 Pin Configurations 


'CHMOS 
is a patented 
process 
of Intel Corporation. 
'PAL 
is a registered 
trademark 
of Advanced 
Micro 
Devices, 
Inc. 


All information in this document that refers to 
the iPLDxxx Is Identical to that of the 85C060. 


The 
iPLD610 
is a high-performance, 
high-integra- 


tion, general-purpose 
CMOS PLD. The iPLD610 
PLD 


(Programmable 
Logic 
Device) 
accommodates 
logic 


functions 
with 
up to 20 inputs 
and 
16 I/O 
macro- 
cells. 
Each 
I/O 
macrocell 
includes 
8 product-terms 


(p-terms) 
for input, a separate 
clear p-term, 
and an 


output 
enable/asynchronous 
clock 
p-term. 
The 


iPLD610 
is function-, 
pin-, 
and 
JEDEC-compatible 


with 
the 
EP600, 
EP610, 
EP610A, 
EP630, 
PALCE610, 
85C060 
and 5C060 PLDs. With a clock- 


PROGRAIlIlABL£ 
AND ARRAY 
40 x 160 


ing 
speod 
of 
74 
MHz 
(w/external 
feedback) 
the 


iPLD610 
offers 
a higher integration, 
lower power 
al- 


ternative 
to registered 
-7 ns PALs/GALs. 


The iPLD610 
uses CHMOS 
EPROM 
(floating 
gate) 


cells as logic control 
elements 
instead 
of fuses. The 


CHMOS 
EPROM 
technology 
reduces 
power 
con- 


sumption 
in comparison 
to bipolar 
devices 
without 


sacrificing 
speed 
performance. 
In addition, 
Intel's 


advanced 
CHMOS 
III-E EPROM 
process 
technology 


enables 
higher 
logic densities 
to be achieved 
with 


superior 
speed 
and 
low-power 
performance 
over 


other 
comparable 
devices. 
Intel's 
/LPLDs 
add 
the 


benefits 
of "zero" 
stand-by 
power 
not available 
on 


other programmable 
logic devices. 
EPROM 
technol- 


ogy allows these devices 
to be 100% factory 
tested 


by programming 
and erasing 
all the 
EPROM 
logic 


control 
Ellements. 


Figure 2.IPLD610 Global Architecture 
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The 
architecture 
of the 
iPLD610 
is based 
on the 


"Sum of Products" 
PLA (Programmable 
Logic Array) 


structure 
with 
a programmable 
AND 
array 
feeding 


into 
a fixed 
OR array. 
The 
device 
accommodates 


combinational 
and sequential 
logic functions. 
A pro- 


grammable 
I/O 
architecture 
provides 
individual 
se- 


lection 
of either 
combinatorial 
or registered 
output 


and feedback 
signals all with selectable 
polarity. 


A feature 
unique to the iPLD610 
is the ability to indi- 


vidually 
program 
the 
output 
registers 
as a D-, T-, 
SR-, or JK-type 
Flip-Flop 
without 
sacrificing 
the utili- 


zation of programmable 
AND logic. Each output reg- 


ister can be individually 
clocked 
from any of the in- 


put or feedback 
paths 
available 
within 
the AND ar- 


ray. With these features, 
a wide variety of logic func- 
tions can be simultaneously 
implemented-all 
on the 


same device. 


Externally, 
the iPLD610 
has 4 dedicated 
data input 


pins, 
16 I/O 
pins that 
may be configured 
for input, 


output, 
or bidirectional 
operations, 
and 
2 synchro- 


nous 
clock 
inputs. 
The 
iPLD610 
is contained 
in a 


24-pin 
ceramic 
windowed 
or OTP plastic 
(300 mils) 


or 28-lead 
OTP J-Ieaded 
chip carrier 
package. 


The basic Macrocell 
architecture 
for the iPLD610 
is 


shown 
in Figure 
3. The 
iPLD610 
has 
16 of these 


Macrocells 
(one for each 
I/O pin). The Macrocell 
is 


organized 
in the familiar 
sum-of-products 
structure 


.with a programmable 
AND array attached 
to a fixed 


OR term. 
The inputs to the programmable 
AND ar- 


ray originate 
from the true and complement 
signals 


from 
each 
of the dedicated 
input pins and each 
of 


the 
I/O 
control 
blocks. 
The 
40-input 
AND 
array of 


the iPLD610 
feeds 
160 AND 
gates 
(product 
terms) 


which 
are distributed 
among 
the 
16 Macrocells 
in 


the device. 
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Each Macrocell 
contains 
ten product 
terms. 
Eight of 
the ten product 
terms (AND gates) are dedicated 
for 
the SOP logic implementation. 
One product 
term on 
each 
Macrocell 
is used 
for 
RESET 
control 
to the 
output 
register 
associated 
with the 
Macrocell. 
The 
final 
product 
term 
is used 
for 
DE/Asynchronous 
Clock implementation. 


Within 
the AND array, there 
is an EPROM 
connec- 
tion at every intersection 
of an input signal (true and 
complement) 
and a product 
term to a given Macro- 
cell. 
Before 
programming 
an erased 
device, 
every 
EPROM 
connection 
is made 
at every 
intersection. 
But during the programming 
process, 
these connec- 
tions 
are opened 
so that only the desired 
connec- 
tions 
remain. 
Therefore, 
the true or complement 
of 
any input 
signal 
can be connected 
to any 
product 
term. 
If both the true and complement 
connections 
of any signal are left intact, a logical false results on 
the output of the AND gate. However, 
if both the true 
and complement 
connections 
are open, then a logic 
"don't 
care" 
results 
on the AND 
gate. 
Lastly, 
if all 
the inputs of a product 
term are programmed 
open, 
then a logical 
true results 
on the output 
of the AND 
gate. 


The iPLD610 
has two dedicated 
clock 
inputs to pro- 
vide synchronous 
clock signals to the internal 
regis- 
ters. Each of the clock signals controls 
half the total 
registers 
within the given device. 
For example, 
CLK1 
provides 
synchronous 
clocking 
to the 
registers 
in 
Macrocells 
in the left half of the array while 
CLK2 
controls 
the registers 
associated 
with Macrocells 
in 
the right half of the array. The advanced 
I/O archi- 
tecture 
allows 
for any number 
of the registers 
to be 
synchronously 
clocked 
(from 
none 
to all). 
Both 
of 
the dedicated 
clock inputs latch the data into a given 
register 
when triggered 
on a positive 
edge. 


MACROCELL 
ARCHITECTURE 
SELECTION 


The iPLD610 
architecture 
provides 
each 
Macrocell 
with over 50 different 
possible 
I/O 
register 
configu- 
rations. 
Each I/O pin can be configured 
for combina- 
torial or registered 
output 
(true or complement) 
with 
feedback. 
In addition, 
four different 
types 
of output 
registers 
can be implemented 
on I/O pin without 
any 
additional 
logic requirements. 
The feedback 
mecha- 
nism for each register 
back into the AND array can 
be programmed 
to provide for either registered 
feed- 
back from the Macrocell 
or input feedback 
(treating 
the pin as an input). 
Another 
advantage 
of the ad- 
vanced 
I/O capability 
of the iPLD610 
is the ability to 
individually 
clock 
each 
internal 
register 
from 
asyn- 
chronous 
clock 
signals. 


The 
Invert 
Select 
EPROM 
bit is used to invert 
the 
product 
term input into the register. 
This applies 
to 
all inputs 
including 
double 
inputs on the JK and SR 
registers. 


The advanced 
I/O 
architecture 
of the iPLD610 
al- 
lows four different 
register 
types 
along 
with combi- 


natorial 
output 
as illustrated 
in Figure 4a. The regis- 
ter types 
include 
a T, D, JK, or SR Flip-Flop 
and 
each Macrocell 
I/O structure 
may be independently 
configured. 
In addition, 
all registers 
have an individu- 
al asynchronous 
RESET 
control 
from 
a dedicated 
product 
term 
derived 
in the AND 
array. 
When 
this 
dedicated 
product 
term is a logical 
one, the Macro- 


cell register 
is immediately 
cleared 
to a logical 
zero 
independent 
of the register 
clock. 
The RESET func- 


tion occurs 
automatically 
on power-up. 


Output Register Configuration 


The four different 
register types shown 
in Figure 4b- 
4e are described 
below. 


When either a D- or T-type 
Flip-Flop 
is configured 
as part of the I/O structure, 
all eight of the product 
terms 
into the Macrocell 
are ORed 
together 
and 
fed into the register 
input. 


When either a JK or SR register 
is configured, 
the 
eight 
product 
terms 
are shared 
among 
two 
OR 
gates 
(one for the J or S input and the other 
for 
the K or R input). The allocation 
for these product 
terms 
for each of the register 
inputs 
is optimized 
by the PLDshell 
Plus software. 


The Output Select Multiplexer 
allows for either regis- 


tered, 
combinatorial 
or no output. 


The 
Feedback 
Select 
Multiplexer 
EPROM 
bit en- 


ables registered, 
I/O 
(using the pin for bidirectional 
input or just input), or no feedback 
to the AND array. 
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The Feedback 
Select 
is also important 
for building 


equations 
with 
more 
than 
a 
product 
terms. 
The 


a-product 
product 
term 
of a Macrocell 
can be fed 


back 
into 
the 
AND 
array 
and 
combined 
with 
still 


more 
signals 
to create 
a much 
larger 
product 
term 


(of more than 8-inputs). 
If the feedback 
term is not to 


be used as an output, 
the associated 
Macrocell 
pin 


should be left floating 
(no connect) 
when assembled 


onto a circuit board. 


Any I/O pin may be configured 
as a dedicated 
input 


by selecting 
no output and pin feedback 
through 
the 


appropriate 
multiplexers. 


OUTPUT/POLARITY 
FEEDBACK 


Combinatorial/High 
Pin, None 


Combinatorial/Low 
Pin, None 


None 
Pin II 
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SYNCHRONOUS 


CLOCk 


vec 
lX/eLK 
SELECT 


1/0 SELECTION 


OUTPUT/ 
POLARITY 


D·Regisler/High 


D·Regisler 
/ Low 
None 


None 


D·Regisler, 
Pin, None 


D·Regisler, 
Pin, None 
D·Regislered 


Pin 


D 
Qn 
Qn + 1 


0 
0 
0 


0 
1 
0 


1 
0 
1 


1 
1 
1 


1/0 SELECTION 


OUTPUT/POLARITY 
FEEDBACK 


T·Regisler/High 
T·Register/Low 


None 
None 


T·Regisler, 
Pin, None 
T·Regisler, 
Pin, None 


T·Regisler 
Pin 


T 
Qn 
Qn + 1 


0 
0 
0 


0 
1 
1 


1 
0 
1 


1 
1 
0 


OUTPUT/POLARITY 
FEEDBACK 


JK Register/High 
JK Register, 
None 


JK Register/Low 
JK Register, 
None 


None 
JK Register 


J 
K 
an 
an + 1 


0 
0 
0 
0 


0 
0 
1 
1 


0 
1 
0 
0 


0 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 


1 
1 
0 
1 


1 
1 
1 
0 


SYHCHROHOlJS 


CLOCK 


vcc 
OE/a.K 
SElECT 


, 


~ 
, 
< 


,-, 


~ 
, 
< 


R 
AR 


ASYNCH. 
INVERT 


RESrT 
SELECT 


OUTPUT/POLARITY 


SR Register/High 
SR Register/Low 
None 


FEEDBACK 


SR Register, 
None 


SR Register, 
None 
SR Register 


S 
R 
an 
an + 1 


0 
0 
0 
0 


0 
0 
1 
1 


0 
1 
0 
0 


0 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 


1 
1 
Illegal 
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Two 
modes 
of 
operation 
are 
provided 
by 
the 
OE/ClK 
Select 
Multiplexer 
as a part of each Macro- 


cell. One mode provides 
for three-state 
buffering 
of 
outputs 
while in the other 
mode, the outputs 
are al- 


ways enabled. 
The operation 
of the OE/ClK 
Select 


Multiplexer 
sets the mode within 
a given Macrocell. 


Therefore, 
the output 
mode can be selected 
individ- 


ually 
on every 
output. 
Figure 
5 illustrates 
the 
two 


modes 
of OE/ClK 
operation. 


In Mode 0, the three-state 
output buffer is controlled 


by a single 
product 
term 
originating 
from 
the AND 


array. The output 
is enabled 
when the product 
term 


is a logical 
true. Conversely, 
the output 
appears 
as 


high impedance 
when the product 
term is a logical 


false as shown 
in Table 
1. In Mode 0, the Macrocell 


Flip-Flop 
is connected 
to its associated 
synchronous 


clock 
(either 
ClK1 
or ClK2 
depending 
upon 
the 
Macrocell's 
location 
within 
the 
device). 
Thus, 
the 


Macrocell 
Flip-Flop 
may be clocked 
by its respective 


synchronous 
clock 
but 
its output 
will 
not 
become 


valid until the output 
is enabled. 


Product 
Term 
Output Buffer 


FALSE 
Three-State 


TRUE 
Enabled 


In Mode 
1, the Output 
Buffer 
is always 
enabled. 
In 


addition, 
the Macrocell 
Flip-Flop 
is connected 
to the 


AND array. The Macrocell 
Flip-Flop 
may now be trig- 


gered from an asynchronous 
clock signal generated 


by the AND array logic to the OE/ClK 
multiplexable 


term. 
Mode 
1 allows 
the Macrocell 
Flip-Flops 
to be 


individually 
clocked 
from any of the available 
signals 


in the AND array. Since 
both true and complement 


values 
appear 
in the AND 
array, the Flip-Flop 
may 


be clocked 
by any positive- 
or negative-going 
signals 


at any input pin. Gated 
clock 
structures 
can be cre- 


ated since the Flip-Flop 
clock 
is created 
by a prod- 


uct term. 


The iPlD610 
contains 
a programmable 
bit, the Tur- 


bo Bit, that optimizes 
operation 
for speed or for pow- 


er 
savings. 
When 
the 
Turbo 
Bit 
is 
programmed 


(TURBO 
= ON), the device 
is optimized 
for maxi- 


mum speed. When the Turbo 
Bit is not programmed 


(TURBO 
= OFF), the device 
is optimized 
for power 


savings 
by entering 
standby 
mode during periods 
of 
inactivity. 


Figure 
6 shows 
the device 
entering 
standby 
mode 


approximately 
100 ns after the last input transition. 


When 
the next input transition 
is detected, 
the de- 


vice returns 
to active 
mode. 
Wakeup 
time adds an 


additional 
25 ns to the 
propagation 
delay 
through 


the device 
as measured 
from the first input. No de- 


lay will occur if an output is dependent 
on more than 


one input and the last of the inputs changes 
after the 


device 
has returned 
to active 
mode. 


After erasure, the Turbo Bit is unprogrammed 
(OFF); 


automatic 
standby 
mode is enabled. 
When the Tur- 


bo Bit is programmed 
(ON), the device 
never enters 


standby 
mode. 
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SYNCHRONOUS 
CLOCK 


VCC 


• 
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Figure 
6.IPLD610 
Standby 
and Active 
Mode Transitions 


The testability 
and reliability 
of EPROM-based 
pro- 


grammable 
logic 
devices 
is an 
important 
feature 


over 
similar 
devices 
based 
on 
fuse 
technology. 


Fuse-based 
programmable 
logic 
devices 
require 
a 


user to 
perform 
post-programming 
tests 
to 
insure 


proper 
programming. 
These 
tests 
must 
be done 
at 


the device 
level 
because 
of the cummulative 
error 


effect. 
For example, 
a board containing 
ten devices 


each possessing 
a 2% device fallout 
translates 
into 


an 18% fallout at the board level (it should be noted 
that programming 
fallout 
of fuse-based 
programma- 


ble logic devices 
is typically 
2% or higher). 


FIRST 


INPUT 
OR I/O->f- 


LAST 


INPUT 
OR I/o 


Prior to programming, 
the I/O structure 
is configured 
for combinatorial 
active 
low output 
with input 
(pin) 
feedback. 


Initially, 
all the EPROM 
control 
bits of the iPLD610 
are connected 
(in the "1" 
state). 
Each of the con- 
nected 
control 
bits are selectively 
disconnected 
by 
programming 
the EPROM 
cells into their "0" 
state. 


Programming 
voltage 
and 
waveform 
specifications 
are available 
by request 
from 
Intel to support 
pro- 
gramming 
of the iPLD610. 


Intelligent 
Programming 
Algorithm 


The iPLD610 
supports 
the 
Intelligent 
Programming 
Algorithm 
which 
rapidly 
programs 
Intel 
PLDs using 
an efficient 
and 
reliable 
method. 
This 
method 
en- 
sures 
reliability 
as the incremental 
program 
margin 
of each 
bit is continually 
monitored 
to determine 
when the bit has been successfully 
programmed. 


Since 
the 
logical 
operation 
of 
the 
iPLD610 
is 
controlled 
by EPROM 
elements, 
the device 
is com- 


pletely 
testable. 
Each 
programmable 
EPROM 
bit 
controlling 
the internal 
logic is tested 
using applica- 


tion-independent 
test 
program 
patterns. 
After 
test- 


ing, the devices 
are erased 
before 
shipment 
to cus- 


tomers. 
No post-programming 
tests 
of the EPROM 
array are required. 


STANDBY 
t.40DE 
IS8 
ACTIVE 
t.40DE 


Ice 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins 
be constrained 
to the voltage 


range GND < (VIN or VOUT) < Vcc. Unused 
inputs 


and I/Os 
should 
be tied to VCC or GND to minimize 


device 
power 
consumption. 
Reserved 
pins (as indi- 


cated 
in the logic compiler 
REPORT 
file) should 
be 


left floating 
(no connect) 
so that 
the pin can attain 


the appropriate 
logic 
level. A power 
supply 
decou- 


piing capacitor 
of at least 0.2 p.F must be connected 


directly 
between 
Vcc and GND pins of the device. 


As with all CMOS devices, 
ESD handling 
procedures 


should be used with the iPLD610 to prevent 
damage 


to the 
device 
during 
programming, 
assembly, 
and 


test. 


int:el. 


A single EPROM bit provides a programmable de- 
sign security feature that controls the access to the 
data programmed into the device. If this bit is set, a 
proprietary design within the device cannot be cop- 
ied. This EPROM security bit enables a higher de- 
gree of design security than fused-based devices 
since programmed data within EPROM cells is invisi- 
ble even to microscopic evaluation. The EPROM se- 
curity bit, along with all the other EPROM control 
bits, will be reset by erasing the device. 


All of the input, I/O, and clock pins of the iPLD610 
have been designed to resist latch-up which is inher- 
ent in inferior CMOS structures. The iPLD610 is de- 
signed with Intel's proprietary CHMOS II-E EPROM 
process. Thus, each of the pins will not experience 
latch-up with currents up to ± 100 mA and voltages 
ranging from -1 V to (VCC+ 1V). Furthermore, the 
programming pin is designed to resist latch-up to the 
13.5V maximum device limit. 


The iPLD610 is supported by third-party logic com- 
pilers such as ABEL·, CUPL·, PLDesigner·, Log/IC, 


etc. Programming support is provided by third-party 
programmer companies such as Data I/O, Logical 
Devices, STAG, etc. Please refer to the "Third-Party 
Support" lists in the Programmable 
Logic handbook 


for complete information and vendor contacts. 


PLDshell Plus design software is Intel's new, user- 
friendly design tool for PLD design. PLDshell Plus 
allows user's to incorporate their prefered text edi- 
tor, programming software, and additional design 
tools into a easy-to-use, menued design environ- 
ment that includes Intel's PLDasm™ logic compiler 
and simulation software along with disassembly, 
conversion, and translation utilities. The PLDasm • 
compiler and simulator software accepts industry- 
standard PDS source files that express designs as 
Boolean equations, truth tables, or state machines. 
On-line help, datasheet briefs, technical notes, and 
error message information, along with waveform 
viewing/printing capability make the design task as 
easy as possible. PLDshell Plus software is available 
from Intel Literature channels or from your local Intel 
sales representative. Order # 468810. 


Tools that support schematic capture and timing 
simulation for the iPLD610 are available. Support un- 
der iPLS II is still available. Please refer to the "De- 
velopment Tools" section of the Programmable Log- 
ic handbook. 


"ABEL 
is a trademark 
of Data I/O Corp. CUPL is a trademark 
of Logical 
Devices, 
Inc. PLDesigner 
is a trademark 
of MINC. Inc. 


Log/IC 
is a trademark 
of ISDATA, 
Corporation. 


intel.. 


The following 
ADF primitives 
are supported 
by this 


device: 


INP 
CONF 
COIF 
RONF 
RORF 
ROlF 
NORF 
NOJF 
NOSF 
NOTF 


JOJF 
JONF 
SONF 
SOSF 
TOIF 
TONF 
TOTF 
ClKS 


fCNT1(MHz) 
fCNT2 (MHz) 
tpD (ns) 
Order Code 
Package 
Operating 
Range 


74 
100 
10 
P PLD610-10 
PDIP 
Commercial 


N PLD610-10 
PLCC 
Commercial 


D85C060-10 
'CerDIP 
Commercial 


P85C060-10 
PDIP 
Commercial 


N85C060-10 
PLCC 
Commercial 


66 
83.3 
12 
P PLD610-12 
PDIP 
Commercial 


N PLD610-12 
PLCC 
Commercial 


P85C060-12 
PDIP 
Commercial 


N85C060-12 
PLCC 
Commercial 


50 
66 
15 
PPLD610-15 
PDIP 
Commercial 


N PLD610-15 
PLCC 
Commercial 


D85C060-15 
'CerDIP 
Commercial 


P85C060-15 
PDIP 
Commercial 


N85C060-15 
PLCC 
Commercial 


TD85C060-1 5 
'CerDIP 
Industrial 


TN85C060-15 
PLCC 
Industrial 


40 
40 
25 
P PLD61 0-25 
PDIP 
Commercial 


N PLD610-25 
PLCC 
Commercial 


D85C060-25 
'CerDIP 
Commercial 


P85C060-25 
PDIP 
Commercial 


N85C060-25 
PLCC 
Commercial 


TD85C060-25 
'CerDIP 
Industrial 


TN85C060-25 
PLCC 
Industrial 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage(1) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(1) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


tstQ 
Storage Temperature 
-65 
+150 
·C 


tamb 
Ambient Temperature(3) 
-10 
+85 
·C 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the inputs may undershoot to -2.0Vor 
overshoot to +7.0V for periods 


less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also available. 


Symbol 
Parameter 
Min 
Max 
Unit 


Vcc 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
VCC 
V 


Vo 
Output Voltage 
0 
VCC 
V 


TA 
Operating 
Temperature 
0 
+70 
°C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Conditions 


VIH(4) 
HIGH Level Input Voltage 
2.0 
VCC + 0.3 
V 


VIL(4) 
LOW Level Input Voltage 
-0.3 
0.8 
V 


VOH 
HIGH Level Output Voltage 
2.4 
V 
10 = -4.0 
mA DC, VCC = Min. 


VOL(5) 
LOW Level Output Voltage 
0.45 
V 
10 = 12.0 mA DC, VCC = Min. 


II 
Input Leakage Current 
-10 
10 
p.A 
Vcc = Max., GND < VIN < VCC 


loz 
Output 
Leakage 
Current 
-10 
10 
p.A 
Vcc = Max., GND < VOUT < Vcc 


15c<6) 
Output Short Circuit Current 
-30 
-120 
mA 
Vcc = Max., VOUT = 0.5V 


I5B(7) 
Standby Current 
20 
150 
p.A 
Vcc = Max., 
VIN = Vcc or GND, Standby 
Mode 


Icc 
Power Supply Current 
·3 
8 
mA 
Vcc = Max, VIN = Vcc or 
(See Icc vs. Freq. Graph) 
GND, No Load, fiN = 1 MHz, 
Device Prog. as 16-Bit 
Counter, 
Turbo = Off 


65 
105 
mA 
Turbo = On, fiN = 1 MHz 


Icci 
Industrial 
Temperature 
150 
mA 
Turbo = On, fiN = 1 MHz 


Power Supply Current 


NOTES: 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5. Maximum DC IOLfor the device is 64 mA for CLK1 group I/O. 1-1/0.8 and 64 mA for CLK2 group 1/0.9-1/016. 
6. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second. 
7. In Non-Turbo Mode (TURBO = OFF), device enters standby mode approximately 75 ns after the last input transition. 
15Bis measured with the window covered (CerDIP). 
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Commercial 
Measured 
Specification 
51 
CL 
Output 
Value 
R1 
R2 


tpD 
Closed 
1.5V 


tpzx 
Z -+ H: Open 
30 pF 
1.5V 
Z -+ L: Closed 
200!l. 
330!l. 


tpxz 
H -+ Z:Open 
5 pF 
H -+ Z: VOH - 
0.5V 
L -+ Z: Closed 
L -+ Z: VOL + 0.5V 


INPUT 
3.0 --v- 
2.0> 
TESTPOINTS<v-ro 
-AO•B 
~ 
OV 


OUTPUT 
1.~- 
TESTPOINTS- 
~ 


290455-14 
A.C. Testing: 
Inputs 
are Driven 
at 3.0V for a Logic "1" and OVfor a Logic 


"0". Timing 
Measurements 
are made 
at 2.0V for a Logic "1" and O.BVfor a 
Logic 
"0" 
on inputs. 
Outputs 
are measured 
at a 1.5V point. 
Device 
input rise 
and fall times 
are less than 
3 ns. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Conditions 


CIN 
Input 
Capacitance 
5 
8 
pF 
VIN = OV, f = 1.0 MHz 


CIO 
I/OCapacitance 
6 
8 
pF 
VOUT = OV, f = 1.0 MHz 


CCLK 
ClK 
Capacitance 
8 
10 
pF 
VIN = OV, f = 1.0 MHz 


Cvpp 
Vpp 
Pin Capacitance 
10 
12 
pF 
Vpp 
on ClK2, 
f = 1.0 MHz 


NOTE: 
8. These 
values 
are evaluated 
during initial characterization 
and whenever 
design 
modifications 
occur that may affect 
capac- 
itance. 
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COMBINATORIAL 
MODE A.C. CHARACTERISTICS 


(TA = O·G to +70·G, 
vcc = 5.0V ±5%)(9) 


IPLD610-10 
IPLD610-15 
IPLD610-25 
Non- 


Symbol 
Parameter 
Turbo(10) 
Units 


. Mln 
Typ 
Max 
Min 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


tp01(11) 
Input to Output Valid 
10 
15 
25 
+25 
ns 


tP02(11) 
I/O to Output Valid 
10 
15 
25 
+25 
ns 


tpZX(12) 
Input or I/O to 
15 
18 
25 
+25 
ns 


Output Enable 


tpXZ(12) 
Input or I/O to 
13 
18 
25 
+25 
ns 


Output Disable 


telA 
Input or I/O to 
13 
18 
25 
+25 
ns 


Asynch. Reset 


NOTES: 
9. Typical values are at TA = 25°C, Vcc = 5V, Active Mode. 
10. If device is operated in Non-Turbo Mode (TURBO = OFF), and the device is inactive for approx. 75 ns, increase time by 
amount shown. 
11. Measured with eight outputs switching. See tpo vs. Number of Outputs Switching graph. 
12. tpzx and tpxz are measured at ±O.5V from steady state voltage as driven by spec. output load. 
13. Measured with device configured as a 16-bit counter. 


REGISTER 
MODE-SYNCHRONOUS 
CLOCK 
A.C. CHARACTERISTICS 


TA = O·G to 70·G, Vcc = 5.0V ±5%(9) 


IPLD61D-10 
IPLD61D-15 
iPLD610-25 
Non- 


Symbol 
Parameter 
Turbo(10) 
Units 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fCNT1(13) 
Max. Counter Frequency 
74 
85 
50 
66 
40 
50 
MHz 


l/(tsu 
+ tcol)-Ext. 


Feedback 


fCNT2(13) 
Max. Counter Frequency 
100 
111 
66 
75 
40 
66 
MHz 


l/(teNT)-lnternal 
Feedback 


fMAX 
Max. Frequecy (Pipelined) 
111 
120 
83.3 
100 
66 
80 
MHz 


1/(tep)-No 
Feedback 


tsu 
Input or 110 Setup Time 
7 
12 
15 
+25 
ns 


toClK 


tH 
Input or I/O Hold Time 
0 
0 
0 
ns 


from ClK 


teOl(13) 
ClK High to Output Valid 
6.5 
8 
10 
ns 


te02 
ClK High to Output Valid 
14 
20 
30 
+25 
ns 


Fed through Comb. 
Macrocell 


teNT(13) 
Macrocell Output 
10 
15 
25 
+25 
ns 


Feedback to Macrocell 
Input-Internal 
Path 


tel 
ClK low Time 
4 
5 
6 
ns 


teH 
ClK High Time 
4 
5 
6 
ns 


tcp 
ClK Period 
9 
12 
15 
ns 


int'eL 


REGISTER 
MODE-ASYNCHRONOUS 
CLOCK 
A.C. CHARACTERISTICS 
TA = O·G to 70·G, vcc = 5.0V 
±5%(9) 


iPLD610-10 
iPLD610-15 
iPLD610-25 
Non- 
Symbol 
Parameter 
Turbo(10) 
Units 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fACNT1(13) Max. Counter Frequency 
71.4 
80 
50 
66 
33.3 
40 
MHz 


1f(tASU + tAC01)-Ext. 
'Feedback 


fACNT2(13) Max. Counter Frequency 
100 
111 
66 
75 
40 
50 
MHz 
1/(tACNT)-lnternal 
Feedback 


fAMAX 
Max. Frequency (Pipelined) 
100 
111 
66 
75 
50 
66 
MHz 
1/(tAcp)-No 
Feedback 
_ 


tASU 
Input or I/O Setup Time to 
2 
4 
5 
+25 
ns 
Asynch. ClK 


tAH 
Input or I/O Hold Time from 
3 
6 
8 
ns 
Asynch. ClK 


tAC01(13) 
Asynch. ClK High to 
12 
16 
25 
+25 
ns 
Output Valid 


tAC02 
Asynch. ClK High to 
20 
30 
45 
+25 
ns 
Output Valid Fed through 
Comb. Macrocell 


tACNT 
Macrocell Output 
10 
15 
25 
+25 
ns 
Feedback to Macrocell 
Input-Internal 
Path 


tACL 
Asynch. ClK low Time 
4 
6 
7 
ns 


tACH 
Asynch. ClK High Time 
4 
6 
7 
ns 


tACP 
Asynch. ClK Period 
10 
15 
20 
ns 


ASYNCHRONOUSLY 
RESET OUTPUT 


290455-15 


intel.. 


• .4 ns 


'C: 
+3 ns 
>, 
C. 
2 
+2"s 
"iic 


0 
..9- 
+ 1 ns 


o ns 


~ 
100 


'".5 
80 
u 
_u 
60 


40 
60 


fo (IolHz) 


- 
Low-Io-High 


~ 
-- 
.-.- 
High-Io-Low 
- 


:;;;.- 


110 pF 


Capacitance 


PRELOAO 
INPUT 
PIN 


AND 
PROGRAN/ 
FEEDBACK 


VERIFY 
CIRCUITS 


• 


intel· 


iPLD610 
Output Current 
in Relation 
to Voltage 


'00 


50 
40 
30 


20 


10 


c.~ 
u~~ 
0 
.S' 


(mA) 


500 
400 
300 


200 


~ --- 
/ 
'\. 


/ 
\ 
\ 


IaL 
10H 
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Symbol 
Parameter 
Value 


tpR 
Power-Up 
Reset 
1000 ns Max. 


VON 
Turn-On 
Voltage 
4.75V 


iPLD610 tpD vs No. of Outputs 
Switching 


+0.50 


CONDITIONS: 
TA = +80·C 
Vcc = 4.75V 


-2.00 
o 
1 2 3 •• 5 6 7 8 
9 10 
12 
'4 
16 


NUWBER or 1/05 
SWITCHING 


Internal 
power-up 
reset circuits 
ensure 
that 
all f1ip- 
flops 
will be reset to a logic 0 after the device 
has 
powered 
up. Because 
Vcc rise can vary significantly 


from 
one application 
to another, 
Vcc 
rise must 
be 
monotonic. 


CONDITIONS: 
TA = 70"C, Vcc = 4.75V, 
CL = 30 pF 


Description 
Specification 


0JA-Junction-to-Ambient 
Thermal 
Resistance 
59.5·C/W-CerDIP 
67"C/W-PDIP 
64,SOC/W-PLCC 


0Jc-Junction-to-Case 
Thermal 
Resistance 
18°C/W-CerDIP 
22°C/W-PDIP 
16°C/W-PLCC 


Icc Hot-Ambient 
@70°C 
80mA 


Icc Typical-Ambient 
@25°C 
80mA 


Process 
CHMOS 
IIIE, PX 29.5 


This data 
sheet 
combines 
the 85C060 
information 
from 290246-005 
and the iPLD610 
information 
from 
290246-006. 
The 
two 
parts 
are architecturally 
the 
same. 


II 


iPLD910/85C090 
FAST 24-MACROCELL 
CMOS PLD 


Function, Pin, and JEDEC Compatible 
with 
EP900, EP910, EP910A, 8SC090 and SC090 
• tpD 12 ns, 62.5 MHz w/Feedback, 
CloCk 
• Extensive 
Software 
and Programming 


to Output 
8 ns 
Support 
via Intel and Third-Party 
Tools 


• lee = 150 mA Max 
@ 1 MHz 
• 1-Micron 
CHMOS 
IIIE· 
EPROM 


• 24 Macrocells 
with Programmable 
I/O 
Technology 


Architecture 
(Register/Combinatorial). 
• Programmable 
Low-Power 
Option for 


Registers 
Configurable 
as D/T / JK/RS 
"Standby" 
Operation; 
60 !-LATyp. in 
Types 
Standby 
Mode 
• Up to 36 Inputs (12 Dedicated 
and 24 
• Programmable 
Security 
Bit Allows Total 


I/O), 
Protection 
of Proprietary 
Designs 
• 8 P-terms, 
Selectable 
SOP Invert, Clear 
• 100% Generically 
Tested 
Logic Array 


and OE P-terms 
for Each Macrocell 
• Available 
in 40-Pin PDIP and 
• Programmable 
Clock System 
with 2 
44-Pin PLCC Packages 
Synchronous 
Clocks and Asynch- 
• 85C090 
also Available 
in 40-pin CerDIP 
ronous 
Clocking 
Option on all 
Package 
Macrocells 
(See 
Packaging 
Spec., 
Order 
Number 
240800-001, 
Package 


Type 
Nand 
P) 


CLK1 
VCC 


INPI 
INP12 


INP2 
INP11 
~ 
__ 
N-O_ 


ci~~n::5~~O:O:O:ci 


INP3 
INP10 
~~~~u»~~~':::::- 


1/0.13 
1/0.1 


1/0.14 
1/0.2 
1/0.14 
NC 


1/0.15 
1/0.3 
1/0.15 
1/0.2 


1/0.16 
1/0.3 


1/0.16 
1/0.4 
1/0.17 
1/0.4 


1/0.17 
1/0.5 
1/0.18 
• 
1/0.5 


1/0.18 
1/0.6 
1/0.19 
IPLD91 0 
1/0.6 


1/0.19 
1/0.7 
1/0.20 
1/0.7 


1/0.21 
1/0.8 


1/0.20 
1/0.8 
1/0.22 
1/0.9 


1/0.21 
1/0.9 
1/0.23 
1/0.10 


1/0.22 
1/0.10 
NC 
1/0.11 


1/0.23 
1/0.11 


1/0.24 
1/0.12 
•••..•••.u")~OON 
•.•••COo)N 
NQ.Q..a..ZZ~a..a..Q..- 


INP4 
INP9 
.g.~~~(.?(.?d~~~.g. 


INP5 
INP8 
290456-2 


INP6 


GNO 
CLK2 


290456-1 
Figure 1. Pinout Diagrams 


'CHMOS 
is a patented 
process 
of Intel Corporation. 


intel" 


(Programmable 
Logic 
Device) 
accommodates 
logic 


functions 
with 
up to 36 inputs 
and 24 I/O 
macro- 


cells. 
Each I/O 
macrocell 
includes 
8 product-terms 


(p-terms) 
for input, a separate 
clear p-term, 
and an 


output 
enable/asynchronous 
clock 
p-term. 
With 
a 


maximum 
external 
frequency 
of 
62.5 
MHz, 
the 


iPLD910 
is well 
suited 
to high-performance 
micro- 


processor-based 
systems. 
The iPLD910 
is pin- and 


function-compatible 
with 
the 
EP900, 
EP910, 


EP910A, 
85090 
and 5C090. 


All Information in this document that refers to 
the iPLD910is identical to that of the 85C090. 


The 
iPLD910 
is a high-performance, 
high-integra- 
tion, general-purpose 
CMOS PLD. The iPLD910 
PLD 


1/0.13 
PROGR"""WABLE 
1/0.1 


AND 
ARRAY 


72.240 


1/0.14 
1/0.2 


1/0.15 
1/0.3 


1/0.16 
I/O." 


1/0.17 
1/0.5 


1/0.18 
1/0.6 


1/0.1i 
1/0.7 


1/0.20 
1/0.8 


1/0.21 
I/o.' 


1/0.22 
1/0.10 


1/0.23 
1/0.11 


1/0.24 
1/0.12 


290456-3 


Figure 2.IPLD910Global Architecture 
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• • • 
~ 
~ 
c C 
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~ 


36 
TOTAL 
INPUT 
AND 
I/O 
PINS 


~ 
=I!OPINS 


The iPLD910 
uses CHMOS 
EPROM 
(floating 
gate) 


cells as logic control 
elements 
instead 
of fuses. The 


CHMOS 
EPROM 
technology 
reduces 
power 
con- 


sumption 
without 
sacrificing 
speed. 
In addition, 
In- 


tel's 
advanced 
CHMOS 
III-E EPROM 
process 
tech- 


nology enables 
higher logic densities 
to be achieved 


with 
superior 
speed 
and 
low-power 
performance 


over other 
comparable 
devices. 
Intel's 
p.PLDs add 


the benefits 
of "zero" 
stand-by 
power 
not available 


on other programmable 
logic devices. 
EPROM tech- 


nology 
allows 
these 
devices 
to 
be 
100% 
factory 


tested 
by programming 
and erasing 
all the EPROM 


logic control 
elements. 


The 
architecture 
of the 
iPLD910 
is based 
on the 


"Sum of Products" 
PLA (Programmable 
Logic Array) 


structure 
with 
a programmable 
AND 
array 
feeding 


into 
a fixed 
OR array. 
The 
device 
accommodates 


combinational 
and sequential 
logic functions. 
A pro- 


grammable 
I/O 
architecture 
provides 
individual 
se- 


lection 
of either 
combinatorial 
or registered 
output 


and feedback 
signals 
all with selectable 
polarity. 


A feature 
unique to the iPLD910 
is the ability to indi- 


vidually 
program 
the 
output 
registers 
as a D-, :r-, 
SR-, or JK-type 
Flip-Flop 
without 
sacrificing 
the utili- 


zatiori of programmable 
AND logic. Each output reg- 


ister 
can 
be individually 
clocked 
from 
any 
of the 


input 
or feedback 
paths 
available 
within 
the 
AND 


array. 
With 
these 
features, 
a wide 
variety 
of logic 


functions 
can 
be simultaneously 
implemented-all 


on the same device. 


The iPLD910 
has 12 dedicated 
inputs, 
24 I/O 
pins 


that may be configured 
for input, output, 
or bidirec- 


tional 
operations, 
and 2 synchronous 
clock 
inputs. 


The iPLD910 is pac~aged 
in a 40-lead 
windowed 
ce- 


ramic 
DIP or OTP plastic 
or 44-lead 
OTP J-Ieaded 


chip carrier 
package. 


The basic Macrocell 
architecture 
for the iPLD910 
is 


shown 
in Figure 
3. The 
iPLD910 
has 24 of these 


macrocells 
(one for each 
I/O pin). The Macrocell 
is 


organized 
in the familiar 
sum-of-products 
structure 


with a programmable 
AND array attached 
to a fixed 


OR term. The inputs to the programmable 
AND ar- 


ray originate 
from the true and complement 
signals 


from 
each 
of the dedicated 
input pins and each 
of 


the I/O control 
blocks. 


The AND 
array for the iPLD910 
has 72 inputs 
de- 


rived from 
the true and complement 
signals 
at the 


input and 
I/O 
pins. The AND 
array 
in the iPLD910 


encompasses 
240 product 
terms which are distribut- 


ed among 
the 24 Macrocells. 
The global 
device 
ar- 


chitecture 
is shown 
in Figure 2. 


int'el.. 


Each Macrocell 
contains 
ten product 
terms. Eight of 
the ten product 
terms (AND gates) are dedicated 
for 
SOP 
logic 
implementation. 
One 
product 
term 
on 
each 
Macrocell 
is used 
for 
RESET 
control 
to the 
output 
register 
associated 
with 
the 
Macrocell. 
The 
final 
product 
term 
is used 
for 
OE/ Asynchronous 
Clock 
implementation. 


Within 
the AND array, there 
is an EPROM 
connec- 
tion at every intersection 
of an input signal (true and 
complement) 
and a product 
term to a given Macro- 
cell. 
Before 
programming 
an erasec;t device, 
every 
EPROM 
connection 
is made 
at every 
intersection. 
But during the programming 
process, 
these connec- 
tions 
are opened 
so that only the desired 
connec- 
tions 
remain. 
Therefore, 
the true or complement 
of 
any input 
signal 
can be connected 
to any product 


term. 
If both the true and complement 
connections 
of any signal are left intact, a logical false results on 
the output of the AND gate. However, 
if both the true 
and complement 
connections 
are open, then a logic 
"don't 
care" 
results 
on the AND gate. 
Lastly, 
if all 
the inputs of a product 
term are programmed 
open, 
then a logical 
true results on the output 
of the AND 
gate. 


The iPLD910 
has two dedicated 
clock 
inputs to pro- 


vide synchronous 
clock signals to the internal 
regis- 
ters. Each of the clock signals controls 
half the total 


registers 
within the given device. 
For example, 
CLK1 
provides 
synchronous 
clocking 
to the 
registers 
in 
Macrocells 
in the 
left half of the array while 
CLK2 


controls 
the registers 
associated 
with Macrocells 
in 
the right half of the array. The advanced 
I/O archi- 
tecture 
allows for any number 
of the registers 
to be 
synchronously 
clocked 
(from 
none 
to all). Both 
of 


the dedicated 
clock inputs latch the data into a given 


register 
when triggered 
on a positive 
edge. 


MACROCELL 
ARCHITECTURE 
SELECTION 


The iPLD910 
architecture 
provides 
each 
Macrocell 
with over 50 different 
possible 
I/O 
register 
configu- 
rations. 
Each I/O pin can be configured 
for combina- 
torial or registered 
output 
(true or complement) 
with 
feedback. 
In addition, 
four different 
types 
of output 
registers 
can be implemented 
on I/O pin without 
any 
additional 
logic requirements. 
The feedback 
mecha- 


nism for each register 
back into the AND array can 
be programmed 
to provide for either registered 
feed- 
back from the Macrocell 
or input feedback 
(treating 


the pin as an input). Another 
advantage 
of the ad- 


vanced 
I/O capability 
of the iPLD910 
is the ability to 
individually 
clock 
each 
internal 
register 
from 
asyn- 
chronous 
clock 
signals. 


The 
Invert 
Select 
EPROM 
bit is used to invert 
the 


product 
term 
input into the register. 
This applies 
to 


all inputs including 
double 
inputs on the JK and SR 


registers. 


The advanced 
I/O 
architecture 
of the 
iPLD910 
al- 


lows four different 
register 
types 
along 
with combi- 


natorial 
output 
as illustrated 
in Figure 4a through 
e. 


The register types include a T, D, JK, or SR Flip-Flop 
and each 
Macrocell 
I/O 
structure 
may be indepen- 


dently 
configured. 
In addition, 
all registers 
have an 


individual 
asynchronous 
RESET control 
from a dedi- 
2 


cated product 
term derived 
in the AND array. When 


this 
dedicated 
product 
term 
is a logical 
one, 
the 


Macrocell 
register 
is immediately 
cleared 
to a logical 


zero independent 
of the register 
clock. 
The RESET 


function 
occurs 
automatically 
on power-up. 


The four different 
register 
types 
shown 
in Figure 
4 


are described 
below. 


When either a D- or T-type 
Flip-Flop 
is configured 


as part of the I/O structure, 
all eight of the product 


terms 
into the Macrocell 
are ORed 
together 
and 


fed into the register 
input. 


JK or SR Register~ 


When either a JK or SR register 
is configured, 
the 


eight 
product 
terms 
are 
shared 
among 
two 
OR 


gates 
(one for the J or S input and the other 
for 


the K or R input). The allocation 
for these product 


terms 
for each of the register 
inputs 
is optimized 


by the PLDshell 
Plus software. 


The Output Select Multiplexer 
allows for either regis- 


tered, combinatorial 
or no output. 


The 
Feedback 
Select 
Multiplexer 
EPROM 
bit en- 


ables registered, 
I/O 
(using the pin for bidirectional 


input or just input), or no feedback 
to the AND array. 


The Feedback 
Select 
is also 
important 
for building 


equations 
with 
more 
than 
8 product 
terms. 
The 
8- 


product 
equations 
of a Macrocell 
can be fed back 


intel. 


into the AND array and combined 
with still more sig- 


nals to create 
a much larger product 
term (of more 


than 8-inputs). 
If the feedback 
product 
term is not to 


be used as an output, 
the associated 
Macrocell 
pin 


should be left floating 
(no connect) 
when assembled 


onto a circuit 
board. 


Any liD 
pin may be configured 
as a dedicated 
input 


by selecting 
no output and pin feedback 
through 
the 


appropriate 
multiplexers. 


1/0 SELECTION 


OUTPUT IPOLARITY 
FEEDBACK 


Combinatorial/High 


Combinatorial/Low 
None 


Pin. None 
Pin. None 
Pin (Input) 


r-------------------, 
I 
I 
I 
I 
I 
I 
I 


110 SELECTION 


OUTPUTI 
POLARITY 


D-Register/High 


D-Register I Low 
None 
None 


D-Register, 
Pin, None 


D-Register, 
Pin, None 


D-Registered 


Pin (Input) 


FUNCTION 
TABLE 


o 
Qn 
Qn+l 


o 
0 
0 
o 
1 
0 


1 
0 
1 


1 
1 
1 • 


intel.. 


1/0 SELECTION 


OUTPUT/POLARITY 
FEEDBACK 


T-Register/High 


T-Register/Low 


None 
None 


T-Register, 
Pin, None 


T-Register, 
Pin, None 


T-Register 
Pin (Input) 


FUNCTION 
TABLE 


T 
On 
On + 1 


0 
0 
0 


0 
1 
1 


1 
0 
1 


1 
1 
0 


intel· 


I/O SELECTION 


OUTPUT/POLARITY 
FEEDBACK 


JK Register/High 


JK Register/Low 
None 
None 


JK Register, 
None 


JK Register, 
None 
JK Register 
Pin (Input) 


FUNCTION 
TABLE 


J 
K 
Qn 
Qn + 1 


0 
0 
0 
0 


eLK 
0 
0 
1 
1 


0 
1 
0 
0 
-------------- 
----------- 
0 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 • 


1 
1 
0 
1 


1 
1 
1 
0 


N 


~ 


) < 


Q 


8-N 


~ 


) < 


AR 


INVERT 


SELECT 


infel~ 


FEEDBACK 


SR Register, 
None 


SR Register, 
None 
SR Register 
Pin (Input) 


OUTPUT/POLARITY 


SR Register/High 


SR Register/Low 
None 


None 


SYNCHRONOUS 


CLOCK 


vcc 


FUNCTION 
TABLE 


S 
R 
On 
On+ 
1 


o 
0 
0 
0 


o 
0 
1 
,1 


o 
1 
0 
0 


o 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 


1 
Illegal 


N 


~ 


) < 


8-N 


~ 


) < 


A. 


IHVERT 


SELECT 


intel~ 


Two 
modes 
of 
operation 
are 
provided 
by 
the 
OE/ClK 
Select 
Multiplexer 
as a part of each Macro- 


cell. One mode provides 
for three-state 
buffering 
of 
outputs 
while in the other 
mode, the outputs 
are al- 
ways enabled. 
The operation 
of the OE/ClK 
Select 
Multiplexer 
sets the mode within 
a given Macrocell. 


Therefore, 
the output 
mode can be selected 
individ- 
ually 
on every 
output. 
Figure 
5 illustrates 
the 
two 
modes 
of OE/ClK 
operation. 


MODE 
0: THREE-STATE 
BUFFERING 


. In Mode 0, the three-state 
output buffer is controlled 
by a single 
product 
term 
originating 
from 
the AND 
array. The output 
is enabled 
when the product 
term 
is a logical 
true. Conversely, 
the output 
appears 
as 
high impedance 
when 
the product 
term 
is a logical 
fal!\e as shown 
in Table 
1. In Mode 0, the Macrocell 
Flip-Flop 
is connected 
to its associated 
synchronous 
clock 
(either 
ClK1 
or ClK2 
depending 
upon 
the 
Macrocell's 
location 
within 
the 
device). 
Thus, 
the 
Macrocell 
Flip-Flop 
may be clocked 
by its respective 
synchronous 
clock 
but 
its output 
will 
not 
become 
valid until the output 
is enabled. 


Product 
Term 
Output 
Buffer 


FALSE 
Three-State 


TRUE 
Enabled 


In Mode 
1, the Output 
Buffer 
is always 
enabled. 
In 


addition, 
the Macrocell 
Flip-Flop 
is connected 
to the 


AND array. The Macrocell 
Flip-Flop 
may now be trig- 


gered from an asynchronous 
clock 
signal generated 


by the AND array logic to the OE/ClK 
multiplexable 


term. 
Mode 
1 allows 
the Macrocell 
Flip-Flops 
to be 
individually 
clocked 
from any of the available 
signals 
• 


in the AND array. Since 
both true and complement 


values 
appear 
in the AND 
array, the Flip-Flop 
may 


be clocked 
by positive-or 
negative-going 
signals 
at 


any input pin. Gated clock structures 
can be created 


since 
the 
Flip-Flop 
clock 
is created 
by a product 


term. 


infel· 


SYNCHRONOUS 


CLOCK 


VCC 
OE/CLK 
SELECT 


MODE 1 


Figure 5. Output 
Enable/Clock 
Configuration 
(Continued) 


When 
the next input transition 
is detected, 
the de- 


vice returns 
to active 
mode. 
Wakeup 
time adds an 


additional 
40 ns to the 
propagation 
delay 
through 


the device 
as measured 
from the first input. 
No de- 
lay will occur if an output is dependent 
on more than 


one input and the last of the inputs changes 
after the 


device 
has returned 
to active 
mode. 


The iPLD910 
contains 
a programmable 
bit, the Tur- 


bo Bit, that optimizes 
operation 
for speed or for pow- 


er 
savings. 
When 
the 
Turbo 
Bit 
is 
programmed 


(TURBO 
= ON), the device 
is optimized 
for maxi- 


mum speed. When the Turbo 
Bit is not programmed 


(TURBO 
= OFF), the device 
is optimized 
for power 


savings 
by entering 
standby 
mode during periods 
of 


inactivity. 


After erasure, the Turbo Bit is unprogrammed 
(OFF); 


automatic 
standby 
mode is enabled. 
When 
the Tur- 


bo Bit is programmed 
(ON), the device 
never enters 


standby 
mode. 
Figure 
6 shows 
the device 
entering 
standby 
mode 


approximately 
75 ns after 
the 
last input 
transition. 
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FIRST 


INPUT 
ORI/o-t 


LAST 


INPUT 
OR I/O 


ACTIVE 
t.40DE 


Ice 


Erased-State 
Configuration 


Prior to programming, 
the 1/0 structure 
is configured 


for combinatorial 
active 
low output 
with 
input 
(pin) 


feedback. 


Initially, 
all the EPROM 
control 
bits of the iPL0910 


are connected 
(in the "1" 
state). 
Each of the con- 


nected 
control 
bits are selectively 
disconnected 
by 


programming 
the EPROM 
cells 
into their "0" 
state. 
Programming 
voltage 
and waveform 
specifications 


are available 
by request 
from 
Intel to support 
pro- 


gramming 
of the iPL0910. 


Intelligent 
Programming 
Algorithm 


The iPL0910 
supports 
the 
Intelligent 
Programming 


Algorithm 
which 
rapidly 
programs 
Intel 
PLOs while 


ensuring 
programming 
reliability 
as the incremental 


program 
margin of each bit is continually 
monitored 


to 
determine 
when 
the 
bit has 
been 
successfully 


programmed. 


Since 
the 
logical 
operation 
of 
the 
iPL0910 
is 


controlled 
by EPROM 
elements, 
the device 
is com- 


pletely 
testable. 
Each 
programmable 
EPROM 
bit 


controlling 
the internal 
logic is tested 
using applica- 
tion-independent 
test 
program 
patterns. 
After 
test- 
ing, the devices 
are erased 
before 
shipment 
to cus- 


tomers. 
No post-programming 
tests 
of the EPROM 


array are required. 


The testability 
and reliability 
of EPROM-based 
pro- 


grammable 
logic 
devices 
is an 
important 
feature 


over 
similar 
devices 
based 
on 
fuse 
technology. 


Fuse-based 
programmable 
logic 
devices 
require 
a 


user 
to perform 
post-programming 
tests 
to 
insure 


proper 
programming. 
These 
tests 
must be done 
at 


the device 
level because 
of the cummulative 
error 


effect. 
For example, 
a board containing 
ten devices 


each possessing 
a 2% device 
fallout 
translates 
into 


an 18% fallout at the board level (it should be noted 
that programming 
fallout 
of fuse-based 
programma- 


ble logic devices 
is typically 
2% or higher). 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins be constrained 
to the voltage 


range GNO < (VIN or VOUT) < Vcc. 
Unused 
inputs 


and II0s 
should 
be tied to Vcc 
or GNO to minimize 


device 
power 
consumption. 
Reserved 
pins (as indi- 


cated 
in the logic compiler 
REPORT 
file) should 
be 
left floating 
(no connect) 
so that the pin can attain 


the appropriate 
logic 
level. A power 
supply 
decou- 


piing capacitor 
of at least 0.2 IJ-Fmust be connected 


directly 
between 
Vcc 
and GNO pins of the device. 


As with all CMOS devices, 
ESO handling 
procedures 


should be used with the iPL091 0 to prevent 
damage 


to the 
device 
during 
programming, 
assembly 
and 


test. 


A single EPROM bit provides a programmable de- 
sign security feature that controls the access to the 
data programmed into the device. If this bit is set, a 
proprietary design within the device cannot be cop- 
ied. This EPROM security bit enables a higher de- 
gree of design security than fused-based devices 
since programmed data within EPROM cells is invisi- 
ble even to microscopic evaluation. The EPROM se- 
curity bit, along with all the other EPROM control 
bits, will be reset by erasing the device. 


All of the input, I/O, and clock pins of the iPLD910 
have been designed to resist latch-up which is inher- 
ent in inferior CMOS structures. The iPLD910 is de- 
signed with Intel's proprietary CHMOS II-E EPROM 
process. Thus, each of the pins will not experience 
latch-up with currents up to ± 100 mA and voltages 
ranging from -1 V to (VCC+ 1V). Furthermore, the 
programming pin is designed to resist latch-up to the 
13.5V maximum device limit. 


Third Party Support 


The PLD910 is also supported by third-party logic 
compilers such as ABEL·, CUPL·, PLDesigner·, 


"ABEL 
is a trademark 
of Data I/O 
Corporation. 


CUPL is a trademark 
of Logical 
Devices, 
Inc. 


PLDesigner 
is a trademark 
of MINC, 
Inc. 


Log/ICTM 
is a trademark 
of ISDATA, 
Corporation. 


Log/IC, etc. Programming support is provided by 
third-party programmer companies such as Data 
I/O, Logical Devices, STAG, etc. Please refer to the 
"Third-Party Support" 
lists in the 
Programmable 


Logic handbook for complete information and ven- 
dor contacts. 


Full logic compilation and functional simulation for 
the iPLD910 is supported by PLDshell Plus software. 
The GUPI Logic 110 provides programming support 
on Intel programmers. 


PLDshell Plus design software is Intel's new, user- 
friendly design tool for PLD design. PLDshell Plus 
allows user's to incorporate their preferred text edi- 
tor, programming software, and additional design 
tools into a easy-to-use, menued design environ- 
ment that includes Intel's PLDasm™ logic compiler 
and simulation software along with disassembly, 
conversion, and translation utilities. The PLDasm 
compiler and simulator software accepts industry- 
standard PDS source files that express designs as 
Boolean equations, truth tables, or state machines. 
On-line help, datasheet briefs, technical notes, and 
error message information, along with waveform 
viewing/printing capability make the design task as 
easy as possible. PLDshell Plus software is available 
from Intel Literature channels or from your local Intel 
sales representative. 
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The following 
ADF primitives 
are supported 
by this 


device: 


INP 


CONF 


COIF 


RONF 


RORF 


ROlF 


NORF 


NOJF 


NOSF 


NOTF 


JOJF 


JONF 


SONF 


SOSF 


TOIF 


TONF 


TOTF 


ClKS 


fCNT1 
fMAX 
tpD 
Order Code 
Package 
Operating 
Range 
(MHz) 
(MHz) 
(ns) 


62.5 
100 
12 
P PlD910-12 
PDIP 
Commercial 


N PLD910-12 
PLCC 
Commercial 


D85C090-12 
'CerDIP 
Commercial 


P85C090-12 
PDIP 
Commercial 


N85C090-12 
PLCC 
Commercial 


50 
83.3 
15 
P PLD910-15 
PDIP 
Commercial 


N PLD910-15 
PLCC 
Commercial 


D85C090-15 
'CerDIP 
Commercial 


P85C090-15 
PDIP 
Commercial 


N85C090-15 
PLCC 
Commercial 


33.3 
50 
25 
P PLD910-25 
PDIP 
Commercial 


N PLD91 0-25 
PLCC 
Commercial 


D85C090-25 
'CerDIP 
Commercial 


P85C090-25 
PDIP 
Commercial 


N85C090-25 
PLCC 
Commercial 


TD85C090-25 
'CerDIP 
Industrial 


TN85C090-25 
PLCC 
Industrial 


Commercial: 
O"C to + 70·C 
Industrial: 
- 40·C 
to + 8S·C 


·Windowed 
package 
allows 
UV erase. 
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Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage(1) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(1) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


'stg 
Storage Temperature 
-65 
+150 
'C 


tamb 
Ambient Temperature(3) 
-10 
+85 
'C 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions. the in- 


puts may undershoot to - 2.0V or overshoot to + 7.0V for 
Pljriods less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also 
available. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


RECOMMENDED 
OPERATING 


CONDITIONS 


Symbol 
Parameter 
Mln 
Max 
Unit 


Vec 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating Temperature 
0 
+70 
'C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vee + 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
High Level Output Voltage 
2.4 
V 
10 = -4.0 
mA D.C., Vee = min. 


VOL(5) 
Low Level Output Voltage 
0.45 
V 
10 = 12.0 mA D.C., Vce = min. 


II 
Input Leakage Current 
-10 
+10 
IJ-A 
Vee = max., GND < VIN < Vee 


loz 
Output Leakage Current 
-10 
+10 
IJ-A 
Vce = max., GND < VOUT < Vee 


l5elS) 
Output Short Circuit Current 
-30 
-120 
mA 
Vce = max., VOUT = 0.5V 


I5B(7) 
Standby Current 
60 
150 
IJ-A 
Vee = max., VIN = Vee 
or GND, Standby Mode 


Ice 
Power Supply Current 
4 
12 
mA 
Vee = max., VIN = Vee or 
(See Ice vs. Freq. Graph) 
GND, No Load, fiN = 1 MHz, 
Device Prog. as Two 12-Bit 
Counters, Turbo = Off 


120 
150 
mA 
Turbo = On, fiN = 1 MHz 


leel 
Power Supply Current 
180 
mA 
Turbo = On, fiN = 1 MHz 


Industrial Temperature 


NOTES: 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5. Maximum DC IOLfor the device is 96 mA for CLK1 group 1/0.1-1/0.12 and 96 mA for CLK2 group 1/0.13-1/0.24. 
6. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 
7. In Non-Turbo Mode (TURBO = OFF), device enters standby mode approximately 75 ns after the last input transition. 
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3.0-J/0 
INPUT 
0 
O:B > 
TEST POINTS 


OUTPUT 
~ 
- 
TEST POINTS - E 


290456-14 


A.C. Testing: Inputs are driven at 3.0V for a Logic "1" and OVfor 
a Logic "0". Timing Measurements are made at 2.0V for a Logic 
"1" and O.BV for a Logic "0" on inputs. Outputs are measured at 
a 1.5V point. Device input rise and fall times are less than 3 ns. 


Specification 
S1 
CL 
Commercial 
Measured 


R1 
R2 
Output 
Value 


tpo 
Closed 
1.5V 


tpzx 
Z - 
H:Open 
30 pF 
1.5V 


Z - 
l:Closed 
200n 
330n 


tpxz 
H - 
Z:Open 
5 pF 
H - 
Z:VOH 
- 
0.5V 


l 
- 
Z:Closed 
l 
- 
Z:VOL 
+ 0.5V 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = OV. f = 1.0 MHz 
5 
8 
pF 


CIO 
I/O Capacitance 
VOUT = OV. f = 1.0 MHz 
6 
8 
pF 


CCLK 
ClK 
Capacitance 
VOUT = OV. f = 1.0 MHz 
8 
10 
pF 


Cvpp 
Vpp Pin Capacitance 
Vpp on ClK2, 
f = 1.0 MHz 
10 
12 
pF 


NOTES: 
8. These 
values 
are evaluated 
at initial 
characterization 
and whenever 
design 
modifications 
occur 
that 
may affect 
capaci- 
tance. 


COMBINATORIAL 
MODE A.C. CHARACTERISTICS 


TA = O°C to + 70°C. VCC = 5.0V 
±5%(9) 


iPLD910-12 
iPLD910-15 
IPLD91O-25 
Non·(10) 


Symbol 
Parameter 
Turbo 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


tpO(11) 
Input or I/O to 
12 
15 
25 
+40 
ns 


Output Valid w/ 8 
Outputs Switching 


tpZX(12) 
Input or I/O to 
15 
18 
28 
+40 
ns 


Output Enable 


• 
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COMBINATORIAL 
MODE A.C. CHARACTERISTICS 
(Continued) 
TA = O·C to +70·C, 
VCC = 5.0V 
±5%(9) 


iPLD910·12 
iPLD910·15 
iPLD910·25 
Non-(10) 
Symbol 
Parameter 
Turbo 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


tpXZ(12) 
Input or I/O to 
15 
18 
28 
+40 
ns 
Output 
Disable 


tClR 
Input or I/O to 
15 
18 
28 
+40 
ns 
Asynch. 
Reset 


NOTES: 
9. Typical values are at TA = 25°C, Vcc = 5V, Active Mode. 
10. If device is operated in Non-Turbo Mode (TURBO = OFF) and the device is inactive for approx. 75 ns, increase time by 
amount shown. 
11. Measured with eight outputs switching. See tpD vs. Number of Outputs Switching graph. 
12. tpzx and tpxz are measured at ±0.5V from steady state voltage as driven by spec. output load. 


REGISTER 
MODE-SYNCHRONOUS 
CLOCK 
A.C. CHARACTERISTICS 
TA = O·C to 70·C, VCC = 5.0V 
± 5%(9) 


iPLD910-12 
iPLD910-15 
iPLD910·25 
Non-(10) 
Symbol 
Parameter 
Turbo 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fCNT1(13) 
Max. Counter 
62.5 
75 
50 
66 
33 
40 
MHz 
Frequency 
1/(tsu 
+ teO)-Ext. 
Feedback 


fCNT2(13) 
Max. Counter 
76.9 
85 
66.6 
75 
40 
50 
MHz 
Frequency 
1/(teNT)-lnternal 
Feedback 


fMAX 
Max. Frequency 
100 
110 
83.3 
100 
50 
66 
MHz 
(Pipelinedl 1/(tewl- 
No Feedback 


tsu 
Input or I/O Setup 
8 
11 
16 
+40 
ns 
Time to ClK 


tH 
Input or I/O Hold 
0 
0 
0 
ns 
Time from ClK 


te01(13) 
ClK High to Output 
8 
9 
14 
ns 
Valid 


te02 
ClK High to Output 
17 
20 
30 
+40 
ns 
Valid Fed Through 
Comb. Macrocell 


tCNT(13) 
Macrocell Output 
13 
15 
25 
+40 
ns 
Feedback to 
Macrocellinput- 
Internal Path 


tel 
ClK low Time 
4 
5 
8 
ns 


teH 
ClK High Time 
4 
5 
8 
ns 


tep 
ClK Period 
10 
12 
20 
ns 


NOTE: 
13. Measured with device configured as 24-bit counter. 
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REGISTER MODE-ASYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 
TA = Q·G to 7Q·G, Vcc 
= 5.QV ± 5%(9) 


iPLD910-12 
iPLD910-15 
iPLD910-25 
Non-(10) 


Symbol 
Parameter 
Turbo 
Units 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fACNT1(13) 
Max. Counter 
52.6 
70 
45.4 
60 
27.7 
40 
MHz 


Frequency 
1/(tASU + tACO)- 
Ext. Feedback 


fACNT2(13) 
Max. Counter 
76.9 
85 
66.6 
80 
40 
50 
MHz 


Frequency 
1/(tACNT)- 
Internal Feedback 


fAMAX 
Max. Frequency 
83.3 
90 
66.6 
80 
40 
50 
MHz 


(Pipelined) 
1/(tACW)-No 
Feedback 


tASU 
Input or I/O Setup 
3 
4 
8 
+40 
ns 


to Asynch. ClK 


tAH 
Input or I/O Hold 
6 
7 
8 
ns 


from Asynch. ClK 


tAC01 
Asynch. ClK High 
16 
18 
28 
+40 
ns 


to Output Valid 


tAC02 
Asynch. ClK High 
26 
29 
44 
+40 
ns 


to Output Valid Fed 
Through Comb. 
Macrocell 


tACNT(13) 
Macrocell Output 
13 
15 
25 
+40 
ns 


Feedback to 
Macrocellinput- 
. 


Internal Path 


tACL 
Asynch. ClK low 
5 
6 
10 
ns 


Time 


tACH 
Asynch. ClK High 
5 
6 
10 
ns 


Time 


tACP 
Asynch. ClK 
12 
15 
25 
ns 


Period 


• 


intel· 


(fROM 
REGISTER 
CLOCK 
THROUGH 
ADDITIONAL 
COMBINATORIAL 
OUTPUT) 
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(FROM REGISTER CLOCK 
THROUGH AOOITIONAl 
COMBINATORIAL 
OUTPUT) 


IPLD910 
lee VB Frequency 


200 


lBO 


160 


140 


':( 
120 


.5 100 
J:l 
BO 


60 


40 


20 
o 
o 


~ 
+04 ns 


~ 
+3 ns 


~ 
+2 
ns 


o 
~+1 
ns 


20 
40 
60 
BO 
100 


fa (MHz) 


intet. 


I,nput/Output 
Equivalent 
Schematics 
vcc 


iPLD910 
Output 
Current 
in Relation 
to Voltage 


100 


50 
40 
30 


20 


10 


"E 
t 
5 
" 
4 
u 
:; 
3 
.e- 
" 
2 
0 
..S> 


(mA) 


500 
400 
300 


200 


CONDITIONS: 
TA = +70·C 
Vcc = 4.75V 


- 
- .-- 
/' 
/ 
'\. 


/ 
\ 
\ 


IOL 
\ 
IOH 


" 
\ 
\ 


Vo Output 
Voltogo (v) 


290456-22 


PRELOAD 


AND PROGRAtol! 
VERIFY 
CIRCUITS 
290456-21 


Internal 
power-up 
reset 
circuits 
ensure 
that 
all f1ip- 


flops 
will be reset to a logic 0 after the device 
has 


powered-up. 
Because 
Vcc rise can vary significantly 


from 
one application 
to another, 
Vcc 
rise must 
be 


monotonic. 


POWER-UP 
RESET 
CHARACTERISTICS 


Symbol 
Parameter 
Value 


tpR 
Power-Up 
Reset Time 
1000 ns Max. 


VON 
Turn-On 
Voltage 
4.75V 


POWER~ON 
(vcc) 


REGISTERED~ 
OUTPUT 
_ 


~ 


SU 


CLOCK 
toliN. 


teL 


290456-23 
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+ 1.50 


+1.00 


+0.50 


0.00 


M..5- 
-0.50 
... 
JE 
>= 
-1.00 


-1.50 


-2.00 


CONDITIONS: 
TA = 70·C, VCC = 4.75V, 
Spec. 
Loa'd 


Description 
Specification 


(JJA~unction-to-Ambient 
Thermal 
Resistance 
44.S·C/W-CerDIP 
S1·C/W-PDIP 
SsoC/W-PLCC 


(JJ~unction-to-Case 
Thermal 
Resistance 
1rC/W-CerDIP 
29°C/W-PDIP 
16°C/W-PLCC 


Icc Hot-Ambient 
@70°C 
12S mA 


ICCTypical-Ambient 
@2SoC 
12S mA 


Process 
CHMOS 
IIIE, PX 29.S 
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iPLD22V10 
FAST 10-MACROCELL CMOS PLD 


• 
tpD 10 ns, 71.4 MHz with Feedback, 
100 MHz with No Feedback 


• 
Typical Ice = 90 mA 
@ 15 MHz 


• 
12 Dedicated 
Inputs and 10110 
Pins 


• 
10 Macrocells 
with Programmable 
110 
Architecture 
(Register ICombinatorial) 


• 
Variable 
P-terms-Up 
to 16 per 


Macrocell, 
Selectable 
Output 
Polarity, 


Separate 
Output 
Enable P-term 


• 
Global Asynchronous 
Clear and 


Synchronous 
Preset 
P-terms 


CLK/INPO 


INPl 


INP2 


INP3 


INP4 


INP5 


INP6 


INP7 


INP8 


INP9 


INP10 


GNO 


Vec 
1/0.9 


1/0.8 


1/0.7 


1/0.6 


1/0.5 


1/0.4 


1/0.3 


1/0.2 


1/0.1 


1/0.0 


INP11 


• 
l-Micron 
CHMOS 
IIIE EPROM 


Technology 


• 
Programmable 
"Security 
Bit" Allows 


Total Protection 
of Proprietary 
Designs 


• 
100% Generically 
Tested 
Logic Array 


• 
85C22Vl0 
Device 
- 
Programmable 
Invert Clock Option 


- 
Expanded 
Feedback 
Options 


• 
Available 
In 300-mil 
24-Pln PDIP and 


28-Pln PLCC Packages 


(See 
Packaging 
Spec., 
Order 
Number 
240800, 


Package 
Type 
Nand 
P) 


INP3 


INP4 


INP5 


GNO or NC 


INP6 


INP7 


INP8 


1/0.7 


1/0.6 


1/0.5 


GND or NC 


1/0.4 


1/0.3 


1/0.2 


•IPLD22V1 
0 


~ ~ ~ ~ - 


~ 
~ 
C> 
a ~ 
oz 
'" 


~ 
. 
o 
0 


":::::-":::::- 
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The iPLD22V10 is a high-performance, high-integra- 
tion, general-purpose CMOS PLD. The iPLD22V10 
accommodates logic functions with up to 22 inputs 
and 10 I/O macrocells. I/O macrocells include an 
average of 12 p-terms for input, with a separate 
p-term for output enable. Figure 2 shows the global 
architecture of the device. 


The iPLD22V10 is 100% JEDEC-, pin- and function- 
compatible with the industry-standard 22V10 PLD. 
JEDEC files developed for 22V10 devices can be 
used 
to 
program 
the 
iPLD22V10. 
When 
the 
N PLD22V10 (28-pin PLCC) is used to replace a 
conventional 22V10 in an existing design socket, 
pins 8, 15, 22 and 1 are left as No Connects (NC). 
New designs can take advantage of the additional 
device Vcc and grounds these pins offer. 


In addition to the 
12 dedicated input pins, the 


iPLD22V10 contains 10 programmable macrocells. 
Each of the macrocells can be programmed to func- 
tion as an input or as a combinatorial or registered 
output. Programmable output polarity and program- 
mable feedback options allow the iPLD22V10 to be 
tailored to the precise needs of the target applica- 
tion. Figure 3 shows the architecture of each macro- 
cell. 


Output Polarity 


The output polarity for each iPLD22V10 macrocell is 
programmable. Each combinatorial 
or registered 
output can be active-high or active-low. 


iPLD22V10 macrocells programmed as combinatori- 
al outputs support pin feedback to the logic array 
(Le., feedback from the I/O pin). iPLD22V10 macro- 
cells programmed as registers allow internal register 
feedback to the logic array. 


Intel offers a 22V10 architecture superset device, 
the 85C22V1O. These architecture superset features 
include invertible clock and expanded feedback op- 
tions. Designs may be developed for the 85C22V10 
using Intel's PLDshell plus or popular third party 
tools such as ABEL. For complete details on the 
85C22V10, refer to the Datasheet (Lit. #290416). 


Expanded 
Feedback 
Options 


(85C22V10) 


85C22V10 macrocells programmed as registers also 
allow feedback to the logic array from the I/O pin. 
This feature is also supported on 22VP10 devices. 


In addition, however, the 85C22V10 provides a su- 
per set feature with its ability to implement a combi- 
natorial output with registered feedback to the logic 
array. 
This 
feedback 
option 
allows 
a 
single 


85C22V10 macrocell to implement designs that 
would take up two macrocells in 22V10/22VP10 de- 
vices. 


A clock invert option for each macrocell allows mac- 
rocell registers to be independently clocked on the 
rising or falling edge of the global clock. This super- 
set feature allows the 85C22V10 to implement de- 
signs that could not be implemented in a 22V10/ 
22VP10 device. 


fCNT1 (MHz) 
fMAX (MHZ) 
tpD (ns) 
Order Code 
Package 
Operating 
Range 


71.4 
100 
10 
P PLD22V10-10 
PDIP 
Commercial 


N PLD22V10-10 
PLCC 
Commercial 


58.8 
83.3 
15 
P PLD22V10-15 
PDIP 
Commercial 


N PLD22V10-15 
PLCC 
Commercial 


35.7 
40 
25 
P PLD22V10-25 
PDIP 
Commercial 


N PLD22V10-25 
PLCC 
Commercial 


• 
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INP2 


1/0.7 


INP3 


1/0.6 


INP4 


1/0.5 


INP5 


INP6 
1/0.4 


INP7 
1/0.3 


INP8 


1/0.2 


INP9 


1/0.1 


INP10 


1/0.0 
INPll 


PROGRAMMABLE 
AND 
ARRAY 
(44 
x 
132) 


Figure 2. iPLD22V10 
Global Architecture 
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so • 
• 
OUTPUT 
SELECT. 


51 : 


Table 
1 lists the macrocell 
configurations: 


Table 
1. iPLD22V10 
Macrocell 
Configurations 


51 
50 
Output/Polarity 
Feedback 


0 
0 
Registered/ 
Active Low 
Registered 
0 
1 
Registered/ 
Active High 
Registered 
1 
0 
Combinatorial! 
Active Low 
Pin 
1 
1 
Combinatorial! 
Active High 
Pin 


Register Preset/Reset 


iPLD22V10 
macrocell 
registers 
can be preset 
or re- 
set using global 
preset 
and reset 
p-terms. 
Register 
preset 
is synchronous 
and must meet the specified 
setup time to the clock signal. Register 
reset is asyn- 
chronous 
and 
has 
no 
setup 
requirement 
to 
the 


clock. 
Preset and reset set or reset the register. Out- 
put polarity 
is selected 
separately. 


Each 
macrocell 
contains 
an output 
buffer 
that 
can 


place 
the 
respective 
output 
in a high-impedance 


state (three-state). 
The output buffer is controlled 
by 


a single p-term per macrocell 
in the logic array and is 


asynchronous. 


iPLD22V10 
inputs 
and 
outputs 
begin 
responding 


1 /Ls (max.) 
after 
Vee power-up 
(Vee 
= 4.75V) 
or 


after 
a power-Ioss/power-up 
sequence. 
All macro- 


cells programmed 
as registers 
are set to a logic low. 
• 


intel. 


Prior to programming, 
all EPROM 
logic 
array 
cells 


are in the "connected" 
state. The macrocells 
by de- 
fault are configured 
for registered 
output, 
active-low 


operation 
with registered 
feedback. 


Intelligent 
Programming 
Alogrithm 


The 
iPLD22V10 
supports 
the 
Intelligent 
Program- 
ming 
Algorithm, 
a fast, 
reliable 
algorithm 
for 
pro- 
gramming 
many types of Intel programmable 
devic- 


es. 


The 
iPLD22V10 
is fabricated 
on 
Intel's 
CHMOS 


'EPROM 
process. 
Over 20 million devices 
(including 
EPROMs 
and Microcontrollers) 
have been fabricat- 


ed on this process. 


The iPLD22V10 
is completely 
tested 
at the factory. 
Unlike 
fuse-based 
PLDs, which 
have one-time 
pro- 


grammable 
fuse 
links 
that 
limit 
testing 
to 
small- 
scale sampling, 
each EPROM cell in the iPLD22V10 


is tested 
and erased 
prior to shipment. 


A single programmable 
bit, called the security 
bit or 


verify 
protect 
bit, controls 
access 
to the data 
pro- 
grammed 
into ,the device. 
Once 
this security 
bit is 
set, the design 
cannot 
be copied. 


Since data in the device 
is stored 
in EPROM 
cells, 
the contents 
of the device cannot 
be read even with 


microscopic 
examination, 
providing 
an 
additional 


level of design security 
not available 
with fuse-based 


devices. 


Third Party Support 


The 
iPLD22V10 
is supported 
by 
third-party 
logic 


compilers 
such 
as 
ABEL *, 
CUPL *, 
PLDesigner*, 


Log/lC, 
etc. 
Programming 
support 
is provided 
by 


third-party 
programmer 
companies 
such 
as 
Data 


I/O, Logical 
Devices, 
STAG, etc. Please refer to the 
"Third-Party 
Support" 
lists 
in 
the 
Programmable 


Logic 
handbook 
for complete 
information 
and ven- 


dor contacts. 


Full logic 
compilation 
and functional 
simulation 
for 


the iPLD22V10 
is supported 
by PLDshell 
Plus soft- 


ware. 


PLDshell 
Plus design 
software 
is Intel's 
new, user- 


friendly 
design 
tool 
for PLD design. 
PLDshell 
Plus 


allows 
users to incorporate 
their preferred 
text edi- 


tor, 
programming 
software, 
and 
additional 
design 


tools 
into 
a easy-to-use, 
menued 
design 
environ- 


ment that includes 
Intel's 
PLDasm™ 
logic compiler 


and 
simulation 
software 
along 
with 
disassembly, 


conversion, 
and 
translation 
utilities. 
The 
PLDasm 


compiler 
and 
simulator 
software 
accepts 
industry- 


standard 
PDS source 
files that 
express 
designs 
as 


Boolean 
equations, 
truth tables, 
or state 
machines. 


On-line 
help, datasheet 
briefs, technical 
notes, 
and 


error 
message 
information, 
along 
with 
waveform 


viewing/printing 
capability 
make the design 
task as 


easy as possible. 
PLDshell 
Plus software 
is available 


from Intel Literature 
channels 
or from your local Intel 


sales representative, 
order 
#468810. 


-ABEL 
is a trademark 
of Data I/O Corp. CUPL is a trademark 
of Logical 
Devices, 
Inc. PLDesigner 
is a trademark 
of MINC, Inc. 


Log/IC 
is a trademark 
of ISDATA, 
Corporation. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Supply Voltage 
(Ved(1) 
- 2.0V to + 7.0V 


Programming 
Supply 


Voltage 
(Vpp)(1) 
-2.0V 
to + 13.5V 


D.C. Input Voltage 
(V1)(1,2) 
-0.5V 
to Vee + 0.5V 


Storage Temperature 
(Tstg) 
- 65°C to + 150°C 


Ambient 
Temperature 
(TA)(3) 
-10°C 
to + 85°C 


Symbol 
Parameter 
Min 
Max 
Units 


Vee 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating 
Temperature 
0 
+70 
°C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vee + 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
TTL High Output Voltage 
2.4 
V 
10 = -4 
mA D.C., Vee = Min 


CMOS High Output Voltage 
Vee - 
0.3 
V 
10 = -100pH 
= VccMin 


VOL 
Low Level Output Voltage 
0.45 
V 
10 = 16 mA D.C., Vee = Min 


II 
Input Leakage Current 
10 
IJ-A 
Vee = Max., GND < VIN < Vee 


loz 
Output 
Leakage Current 
10 
IJ-A 
Vee = Max., GND < VOUT < Vee 


IsC<5) 
Output Short Circuit Current 
120 
mA 
Vee = Max., VOUT = 0.5V 


Ice 
Power Supply Current 
90 
130 
mA 
Vee = Max., VIN = Vee or GND, 


(See Ice vs. Freq. Graph) 
No Load, fiN = 15 MHz, 
Device Prog. as a 1O-Bit Counter 


NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.C. input is -0.5V. 
During transitions, the inputs may undershoot to -2.0V 
or overshoot to +7.0V for periods 


of less than 20 ns under no load conditions. 
3. Under bias. Extended Temperature versions are also available. 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 
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Commercial 
Measured 
Specification 
S1 
CL 
R1 
R2 
Output Value 


tpD, teo 
Closed 
1.5V 


tpzx 
Z - 
H:Open 
50 pF 
2400. 
1600. 
1.5V 


Z - 
L:Closed 


tpxz 
H - 
Z:Open 
5 pF 
H - 
Z:VOH 
- 
0.5V 


l 
- 
Z:Closed 
l 
- 
Z:VOL + 0.5V 


INPUT 3':1~_TEST 
POINTS_~ 


1~_TEST 
POiNTS-~ 


290457-6 
A.C. Testing: 
Inputs are Driven 
at 3.0V for a Logic "1" and OVfor a Logic "0". Timing 
Measurements 
are made at 1.5V. 


Outputs 
are measured 
at 1.5V. Device 
input rise and fall times < 3 ns. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


CIN 
Input Capacitance 
5 
8 
pF 
VIN = OV, f = 1.0 MHz 


CIO 
I/O Capacitance 
6 
8 
pF 
VOUT = OV, f = 1.0 MHz 


CCLK 
ClK 
Capacitance 
15 
17 
pF 
VOUT = OV, f = 1.0 MHz 
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COMBINATORIAL 
MODE A.C. CHARACTERISTICS 


(TA = O·C to +70·C, 
vcc 
= 5.0V 
±5%)(7) 


iPLD22V10-10 
IPLD22V10·15 
PLD22V1G-25 


Symbol 
Parameter 
Units 


Min 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


tpD(8) 
Input or I/O to 
3 
10 
3 
15 
25 
ns 


Output Valid-w/10 
Outputs 
Switching 


tpZX(9) 
Input or I/O to 
3 
10 
3 
15 
25 
ns 


Output Enable 


tpXZ(9) 
Input or I/O to 
3 
10 
3 
15 
25 
ns 


Output 
Disable 


telR 
Input or I/O to 
15 
20 
20 
ns 


Asynch. 
Reset 


NOTES: 
6. These values are evaluated at initial characterization and whenever design modifications occur that may affect capaci· 


tance. 
7. Typical values are at TA = +25·C, Vcc = 5V. 
8. Ten outputs switching. 
9. tpzx and tpxz are measured at ±0.5V from steady state voltage as driven by spec. output load. tpxz is measured with 


CL = 5 pF. Z --. Hand Z --. l are measured at 1.5V on output. 
10. Measured with device configured as a 10-bit counter. 


REGISTER 
MODE-SYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 


(TA = o·C to +70·C, 
VCC = 5.0V 
±5%)<7) 


iPLD22V10-10 
iPLD22V10-15 
PLD22V10-25 


Symbol 
Parameter 
Units 


Mln 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


fCNT1(10) 
Max. Counter 
Frequency 
71.4 
80 
58.8 
66 
35.7 
40 
MHz 
1/(tsu 
+ tco)-External 
Feedback 


fCNT2(10) 
Max. Counter 
Frequency 
100 
105 
83.3 
95 
40 
45 
MHz 


1/ (teNT)-lnternal 
Feedback 


fMAX 
Max. Frequency 
(Pipelined) 
100 
110 
83.3 
95 
40 
45 
MHz 


1/tep--No 
Feedback 


tsu 
Input or I/O Setup Time to 
7 
9 
14 
ns 


ClKorSP 


tH 
Input or I/O Hold Time from ClK 
0 
0 
0 
ns 


tC01 
ClK 
to Output Valid 
3 
7 
2 
8 
2 
14 
ns 


te02 
ClK 
to Output Valid Fed Through 
16 
18 
30 
ns 


Combinatorial 
Macrocell 


tCNT 
Register 
Output Feedback 
to 
10 
12 
25 
ns 


Register 
Input-Internal 
Path 


tel 
ClK 
low 
Time 
4 
5 
10 
ns 


tCH 
ClK 
High Time 
4 
5 
10 
ns 


tep 
ClK 
Period 
10 
12 
25 
ns 


tarw 
Asynchronous 
Reset 
4 
5 
5 
ns 


Pulse Duration 


tarr 
Asynchronous 
Reset to 
7 
9 
10 
ns 


ClK t Recovery 
Time 
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INPUT OR I/o 
)i( 
--------,------------- 
..---tpD~; 


i 
x:==== 
~ 
tpxz ----...; 


-Ipz.-' 


: 
(~'-V-A-L-ID-O-U-T-P-U-T-- 
, 
.•.._------ 
.....- 
teLR---"; 


:~ 
tep-----+-; 
~teH-: 
: 


....- 
te01~: 


(FROM REGISTER CLOGK 
, 
TO OUTPUT) 
,,,-te02-: 


(FROM REGISTER CLOGK THROUGH 
ADDITIONAL 
COMB. OUTPUT 


Io0o-- 
--- --- 
-- ---- 


- 
= liIox_ 
._.ITyp 


+0.50 


+0.25 


D 


-0.25 


~ 
-0.50 


~ 
-0.75 


~ 
-1.00 


-1.25 


-1.50 


-1.75 


~ 
100 
.5 


~ 
75 


30 
.5 
60 


'O(MHz) 


Conditions: 
TA = O' 
Vcc 
= 5.25V 


Conditions: 
TA = 70'C 
Vcc = 4.75V 
CL=50pF 
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~ 
+3ns 
2- 


.2 
+2ns 
~S +1ns 


Ons 


Conditions: 
TA = 70·C 
Vcc 
= 4.75V 


Internal 
power-up 
reset 
circuits 
ensure 
that 
all f1ip- 


flops 
will be reset to a logic 0 after the device 
has 
powered 
up. Because 
Vcc rise can vary significantly 


from 
one application 
to another, 
Vcc 
rise must 
be 


monotonic. 


p~~~) 
IVON 
!- 
tpR 
------.; 


I..:···.···.···.···.·.·:.·.·:.·.·:.:.::.·.·:.· 
, , ~ 
. :.:.:.:.:.:.::-:.:.:.::.: 
..:........ 
:'::-':':'\-':'::.::.::.::-:':.::.:.::.::.:\.:.::.::.:.is.. 


'Isu I 


-"mln.~ 


, ,---- 


CLOCK 
I:":"'::':':'::'~ :.::-:.:.:.:.):. 
:.:.:.:.\':':':':':' 
::.:.::- 
':.::-:.:: 
~ 
f 
. 
. 
: : : 
:::x 
. 


~ tel--: 


POWER-UP 
RESET 
CHARACTERISTICS 


Parameter 
Parameter 
Value 
Symbol 
Description 


tPA 
Power-Up 
1000 ns Max. 


Reset Time 


VON 
Turn-On 
4.75V 


Voltage 


290457-13 


vcc 
vcc 


I/o 
PIN 


ESD 
PROTECTION 


INPUT 
PIN 
fEEDBACK 
PROGRAt.4! 
VERifY 
CIRCUITS 
290457-14 


• 
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85C22V10 
FAST 10-MACROCELL CHMOS fLPLD 
• High-Speed 
Upgrade 
to Bipolar 
• Global Asynchronous 
Clear and 
22V10/22VP10 
and CMOS Equivalents 
Synchronous 
Preset 
P-terms 
• High Performance, 
LSI Semi-Custom 
• 1-Micron 
CHMOS 
IIIE EPROM 
Logic Alternative 
to Low-End 
Gate 
Technology, 
UV-Erasable 
(CerDIP) 
or 
Arrays, 
TTL, 74HC SSI and MSI Logic, 
OTP 
and Bipolar PLDs 
• Typical 
lee = 90 mA 
@ 15 MHz 
• tpD 10 ns, 71.4 MHz with Feedback, 
• Programmable 
Invert Clock Option 
100 MHz with No Feedback 


12 Dedicated 
Inputs and 10110 
Pins 
• Programmable 
"Security 
Bit" Allows 
• 
Total Protection 
of Proprietary 
Designs 
• 10 Macrocells 
with Programmable 
1/0 
• 100% Generically 
Tested 
Logic Array 
Architecture 
(Register ICombinatorial) 


Variable 
P-terms-Up 
to 16 per 
• Available 
in 300-mil 24-Pin CerDIP/PDIP 
• 
and 28-Pin PLCC Packages 
Macrocell, 
Selectable 
Output 
Polarity, 
(See Packaging Spec., Order Number 240800, 
Separate 
Output 
Enable P-term 
Package Type 0, Nand P) 


CLK/INPO 


INPI 


INP2 


INP3 


INP4 


INP5 


INP6 


INP7 


INP8 


INP9 


INP10 


GNO 


Vee 
1/0.9 


1/0.8 


1/0.7 


1/0.6 


1/0.5 


1/0.4 


1/0.3 


1/0.2 


1/0.1 


1/0.0 


INP11 


INP3 


INP4 


INP5 


GNO or NC 


INP6 


INP7 


INP8 


1/0.7 


1/0.6 


1/0.5 


GND or NC 


1/0.4 


1/0.3 


1/0.2 
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The 85C22V10 
is a high-performance, 
high-integra- 


tion, 
general-purpose 
CMOS 
PLD. The 
85C22V10 


accommodates 
logic functions 
with up to 22 inputs 


and 
10 I/O 
macrocells. 
I/O 
macrocells 
include 
an 


average 
of 
12 p-terms 
for 
input, 
with 
a separate 


p-term 
for output 
enable. 
Figure 2 shows 
the global 


architecture 
of the device. 


The 85C22V10 
is 100% 
JEDEC-, 
pin- and function- 


compatible 
with 
the 
industry-standard 
22V10 
PLD. 


JEDEC 
files 
developed 
for 22V10 
devices 
can 
be 


used to program 
the 85C22V10. 
For designs 
requir" 


ing the 85C22V10 
super set features, 
a new JEDEC 


must 
be developed. 
When 
the N85C22V10 
(28-pin 


PLCC) is used to replace 
a conventional 
22V10 in an 


existing 
design 
socket, 
pins 8, 15, 22 and 1 are left 


as No Connects 
(NC). New designs 
can take advan- 


tage of the additional 
device Vcc and grounds 
these 


pins offer. 


In 
addition 
to 
the 
12 
dedicated 
input 
pins, 
the 


85C22V10 
contains 
10 programmable 
macrocells. 
Each of the macrocells 
can be programmed 
to func- 
tion as an input or as a combinatorial 
or registered 


output. 
Programmable 
output 
polarity 
and program- 


mabie 
feedback 
options 
allow the 85C22V10 
to be 


tailored 
to the precise 
needs 
of the target 
applica- 


tion. Figure 3 shows the architecture 
of each macro- 


cell. 


Output Polarity 


The output 
polarity 
for each 85C22V10 
macrocell 
is 


programmable. 
Each 
combinatorial 
or 
registered 


output 
can be active-high 
or active-low. 


85C22V10 
macrocells 
programmed 
as combinatorial 


outputs 
support 
pin feedback 
to the logic array (Le., 2 


feedback 
from 
the 
I/O 
pin). 85C22V10 
macrocells 


programmed 
as 
registers 
allow 
internal 
register 


feedback 
to the logic array. These 
options 
are sup- 


ported 
on both the 22V10 
and 22VP10 
devices. 


85C22V10 
macrocells 
programmed 
as registers 
also 


allow 
feedback 
to the logic array from 
the I/O 
pin. 


This feature 
is also supported 
on 22VP10 
devices. 


In addition, 
however, 
the 85C22V10 
provides 
a su- 


per set feature 
with its ability to implement 
a combi- 


natorial 
output 
with registered 
feedback 
to the logic 


array. 
This 
feedback 
option 
allows 
a 
single 


85C22V10 
macrocell 
to 
implement 
designs 
that 


would take up two macrocells 
in 22V10/22VP10 
de- 


vices. 


fCNT1 (MHz) 
fMAX (MHz) 
tpD (ns) 
Order Code 
Package 
Operating 
Range 


71.4 
100 
10 
D85C22V1 0-1 0 
·CerDIP 
Commercial 


P85C22V1 0-1 0 
PDIP 
Commercial 


N85C22V1 0-1 0 
PLCC 
Commercial 


58.8 
83.3 
15 
D85C22V10-15 
·CerDIP 
Commercial 


P85C22V10-15 
PDIP 
Commercial 


N85C22V10-15 
PLCC 
Commercial 
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PROGRA~~ABLE 
AND 
ARRAY 
(44x 
132) 


INPI 
1/0.8 


INP2 


1/0.7 


INP3 


1/0.6 


INP4 


1/0.5 


INP5 


INP6 


1/0.4 


INP7 
1/0.3 


INP8 


1/0.2 


INP9 


1/0.1 


INP10 


INPll 
1/0.0 


Figure 2. 85C22V10 
Global Architecture 


2-84 


intel· 


so •. 
OUTPUT 
SELECT. 


S1 : 


Table 
1 lists the macrocell 
configurations: 


Table 
1. 85C22V10 
Macrocell 
Configurations 


52 
51 
50 
Output/Polarity 
Feedback 


0 
0 
0 
Registered/ 
Active 
Low 
Registered 
0 
0 
1 
Registered/Active 
High 
Registered 
0 
1 
0 
Combinatorial! 
Active 
Low 
Pin 
0 
1 
1 
Combinatorial/ 
Active High 
Pin 


1 
0 
0 
• ·Registered/ 
Active 
Low 
Pin 
1 
0 
1 
··Registered/ 
Active 
High 
Pin 
1 
1 
0 
·Combinatorial/ 
Active 
Low 
Registered 


1 
1 
1 
·Combinatorial/ 
Active 
High 
Registered 


A clock invert option for each macrocell 
allows mac- 
rocell 
registers 
to be independently 
clocked 
on the 
rising or falling edge of the global clock. This super- 
set feature 
allows 
the 85C22V10 
to implement 
de- 
signs 
that 
could 
not 
be 
implemented 
in 
a 
22V1 0/22VP1 0 device. 


Register Preset/Reset 


85C22V10 
macrocell 
registers 
can be preset 
or re- 
set using global 
preset 
and reset p-terms. 
Register 
preset 
is synchronous 
and must meet the specified 
setup time to the clock signal. Register 
reset is asyn- 
chronous 
and 
has 
no 
setup 
requirement 
to 
the 
clock. Preset and reset set or reset the register. Out- 
put polarity 
is selected 
separately. 


Each 
macrocell 
contains 
an output 
buffer 
that 
can 


place 
the 
respective 
output 
in a high-impedance 


state (three-state). 
The output buffer is controlled 
by 


a single p-term per macrocell 
in the logic array and is 


asynchronous. 


85C22V10 
inputs and outputs 
begin responding 
1 /Ls 


(max.) after VCC power-up 
(VCC = 4.75V) or after a 


power-Ioss/power-up 
sequence. 
All macrocells 
pro- 


grammed 
as registers 
are set to a logic low. 


Erase time for the 85C22V10 
is 2% hours at 


12,000 /LW/cm2 
with a 2537.4. lamp. 


Erasure 
begins 
upon 
exposure 
to light with 
wave- 


lengths 
shorter 
than approximately 
4000.4.. Sunight 


and certain 
types 
of fluorescent 
lamps 
have wave- 


lengths 
in the 
3000.4. to 4000.4. range. 
Erase 
data 


indicates 
that constant 
exposure 
to room level fluo- 


rescent 
lighting will erase the device in approximate- 


ly six years. 
It would 
take approximately 
two weeks 


of constant 
exposure 
to direct 
sunlight 
to erase the 


device. 
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Prior to programming 
or after 
erasure, 
all EPROM 


logic array cells 
are in the 
"connected" 
state. 
The 


macrocells 
by default 
are configured 
for registered 


output, 
active-low 
operation 
with 
registered 
feed- 


back. 


Intelligent 
Programming 
Alogrithm 


The 85C22V10 
supports 
the Intelligent 
Programming 


Algorithm, 
a fast, reliable 
algorithm 
for programming 


many types of Intel programmable 
devices. 


The 
85C22V10 
is 
fabricated 
on 
Intel's 
CHMOS 


EPROM 
process. 
Over 20 million devices 
(including 


EPROMs 
and Microcontrollers) 
have been fabricat- 
ed on this process. 


The 85C22V10 
is completely 
tested 
at the factory. 
Unlike 
fuse-based 
PLDs, which 
have one-time 
pro- 


grammable 
fuse 
links 
that 
limit 
testing 
to 
small- 


scale sampling, 
each EPROM 
cell in the 85C22V10 


is tested 
and erased 
prior to shipment. 


85C22V10 
macrocell 
registers 
can 
be 
preloaded 


with any pattern 
to allow testing 
of all possible 
logic 


states. 
Information 
on register 
preload 
for test pur- 


poses is available 
from Intel. 


A single programmable 
bit, called 
the security 
bit or 


verify 
protect 
bit, controls 
access 
to the 
data 
pro- 
grammed 
into the device. 
Once 
this security 
bit is 


set, the design cannot 
be copied. 
The security 
bit is 


cleared 
via UV-erasure 
along with device 
contents. 


Since data in the device 
is stored 
in EPROM 
cells, 


the contents 
of the device cannot 
be read even with 


microscopic 
examination, 
providing 
an 
additional 


level of design security 
not available 
with fuse-based 


devices. 


The 
85C22V10 
is 
supported 
by 
Intel's 
PLDshell 


Plus™ 
software 
and third-party 
development 
tools. 


Since it is JEDEC compatible 
with other manufactur- 


er's 
22V10/22VP10 
devices, 
it is supported 
on all 


design tools that support 
the 22V10/22VP10. 


Full logic 
compilation 
and functional 
simulation 
for 


the 85C22V10 
is supported 
by PLDshell 
Plus soft- 


ware. 


PLDshell 
Plus design 
software 
is Intel's 
new, user- 


friendly 
design 
tool for JLPLD design. 
PLDshell 
Plus 


allows 
users to incorporate 
their preferred 
text edi- 


tor, 
programming 
software, 
and 
additional 
design 


tools 
into an easy-to-use, 
menued 
design 
environ- 


ment that includes 
Intel's 
PLDasm™ 
logic compiler 


and 
simulation 
software 
along 
with 
disassembly, 


conversion, 
and 
translation 
utilities. 
The 
PLDasm 


compiler 
and 
simulator 
software 
accepts 
industry- 


standard 
PDS source 
files that express 
designs 
as 


Boolean 
equations, 
truth tables, 
or state 
machines. 


On-line 
help, datasheet 
briefs, 
technical 
notes, 
and 


error 
message 
information, 
along 
with 
waveform 


viewing/printing 
capability 
make the design 
task as 


easy as possible. 
PLDshell 
Plus software 
is available 


from Intel Literature 
channels 
or from your local Intel 


sales representative, 
order 
# 468810. 


Tools 
that 
support 
schematic 
capture 
and 
timing 


simulation 
for the 85C22V10 
are available. 
Support 


under 
iPLS 
II is still available. 
Please 
refer 
to the 
"Development 
Tools" 
section 
of the Programmable 


Logic handbook. 
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NOTICE: This data sheet contains 
preliminary 
infor- 


mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Supply Voltage 
(Vecl(1) 
- 2.0V to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
-2.0V 
to + 13.5V 


D.C. Input Voltage 
(VI)(1, 2) 
-0.5V 
to Vee + 0.5V 


Storage Temperature 
(Tstg) 
- 65·C to + 150·C 


Ambient 
Temperature 
(TA)(3) 
-1 O·C to + 85·C 


Symbol 
Parameter 
Min 
Max 
Units 


Vee 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating 
Temperature 
0 
+70 
·C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vee + 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
TTL High Output Voltage 
2.4 
V 
10 = -4 
mA D.C., Vee = Min 


CMOS High Output Voltage 
Vee - 
0.3 
V 
10 = -100pH, 
Vee = Min 


VOL 
Low Level Output Voltage 
0.45 
V 
10 = 16 mA D.C., Vee = Min 


II 
Input Leakage Current 
10 
/LA 
Vee = Max., GND < VIN < Vee 


loz 
Output 
Leakage Current 
10 
/LA 
Vee = Max., GND < VOUT < Vee 


Isd5) 
Output Short Circuit Current 
120 
mA 
Vee = Max., VOUT = 0.5V 


Ice 
Power Supply Current 
90 
130 
mA 
Vee = Max., VIN = Vee or GND, 


(See Ice vs. Freq. Graph) 
No Load, fiN = 15 MHz, 
Device Prog. as a 1O-Bit Counter 


NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.C. input is -0.5V. 
During transitions, the inputs may undershoot to -2.0V 
or overshoot to +7.0V for periods 


of less than 20 ns under no load conditions. 
3. Under bias. Extended Temperature versions are also available. 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 
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5V 
1, 


Commercial 
Measured 
Specification 
Sl 
CL 
R1 
R2 
Output 
Value 


tpD. tea 
Closed 
1.5V 


tpzx 
Z -+ 
H:Open 
50 pF 
2400. 
1600. 
1.5V 


Z -+ 
l:Closed 


tpxz 
H -+ 
Z:Open 
5 pF 
H -+ Z:VOH 
- 
0.5V 


l -+ Z:Closed 
l -+ Z: VOL + 0.5V 


INPUT 3'~~_TESTPOINTS_~ 


l~_TEST 
POINTS-~ 


290416-6 


A.C. Testing: 
Inputs are Driven at 3.0V for a Logic 
"1" 
and OVfor a Logic "0". Timing 
Measurements 
are made 
at 1.5V. 


Outputs 
are measured 
at 1.5V. Device 
input rise and fall times < 3 ns. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


CIN 
Input Capacitance 
5 
8 
pF 
VIN = OV. f = 1.0 MHz 


CIO 
I/O Capacitance 
6 
8 
pF 
VOUT = OV. f = 1.0 MHz 


CCLK 
ClK 
Capacitance 
15 
17 
pF 
VOUT = OV. f = 1.0 MHz 
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COMBINATORIAL 
MODE A.C. CHARACTERISTICS 


(TA = O°C to + 70°C. VCC = 5.0V 
±5%)(7) 


85C22Vl0-l0 
85C22Vl0·15 
Symbol 
Parameter 
Units 


Min 
Typ 
Max 
Mln 
Typ 
Max 


tpO(8) 
Input or I/O to Output Valid- 
3 
10 
3 
15 
ns 


w/10 
Outputs 
Switching 


tpZX(9) 
Input or I/O to Output 
Enable 
3 
10 
3 
15 
ns 


tpXZ(9) 
Input or I/O to Output 
Disable 
3 
10 
3 
15 
ns 


tClR 
Input or I/O to Asynch. 
Reset 
15 
20 
ns 


NOTES: 
6. These values are evaluated at initial characterization and whenever design modifications occur that may affect capaci- 


tance. 
• 
7. Typical values are at TA = +25'C, Vcc = 5V. 
8. Ten outputs switching. 
9. tpzx and tpxz are measured at ±O.5V from steady state voltage as driven by spec. output load. tpxz is measured with 
CL = 5 pF. Z -+ Hand Z -+ l are measured at 1.5V on output. 


REGISTER 
MODE-SYNCHRONOUS 
CLOCK 
A.C. CHARACTERISTICS 
(TA = O'C to + 70'C, 
VCC = 5.0V 
± 5%)(7) 


85C22Vl0·l0 
85C22Vl0·15 


Symbol 
Parameter 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


fCNT1(8) 
Max. Counter 
Frequency 
71.4 
80 
58.8 
66 
MHz 


l/(tsu 
+ teo)-External 
Feedback 


fCNT2(8) 
Max. Counter 
Frequency 
100 
105 
83.3 
95 
MHz 


l/(teNT)-lnternal 
Feedback 


fMAX(8) 
Max. Frequency 
(Pipelined) 
100 
110 
83.3 
95 
MHz 


1/tep-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
or SP 
7 
9 
ns 


tsu 
Input or I/O Setup Time to Inverted 
ClK 
7 
9 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
0 
ns 


tC01 
ClK 
to Output Valid 
3 
7 
2 
8 
ns 


tC01 
Inverted 
ClK 
to Output Valid 
3 
7 
2 
8 
ns 


te02 
ClK 
to Output Valid Fed Through 
16 
18 
ns 


Combinatorial 
Macrocell 


teNT 
Register 
Output Feedback 
to 
10 
12 
ns 


Register 
Input-Internal 
Path 


tel 
ClK 
low 
Time 
4 
5 
ns 


tCH 
ClK 
High Time 
4 
5 
ns 


tep 
ClK 
Period 
10 
12 
ns 


tarw 
Asynchronous 
Reset Pulse Duration 
4 
5 
ns 


tarr 
Asynchronous 
Reset to ClK i Recovery 
Time 
7 
9 
ns 
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_I_NP_U_T_O_R_I_/_O 
* 
_ 


r+-- 
tpO----"': 


i 
x==== 
.......-- 
tpxz -------: 


COMBINATORIAL 
OR 
REGISTEREO OUTPUT 


~ 
tpZX---"; 


: 
<~-V-A-L-ID-O-U-T-P-U-T-- 


I 
-------- 
t'4-- 
telR--"; 


I 


:..---tep~ 
:-teH~ 
: 


I 
I 
I........--'c02--"; 


FROM REGISTER CLOCK THROUGH 
I 
ADDITIONAL 
COMB. OUTPUT 


-- 
..-..' 
.----- 
-= Max 
._.iTyp 


+0.50 


+0.25 
o 


-0.25 


~ 
-0.50 


---: -0.75 
E 
t= 
-1.00 


-1.25 


-1.50 


-1.75 


"< 100 
-5 


~ 
75 


Conditions: 
TA = O· 
Vcc 
= 5.25V 


Conditions: 
TA = 70·C 
Vcc 
= 4.75V 
CL = 50 pF 
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£ 
+30$ 


.s 
+20$ 
~ 
S. ~1 ns 


ons 


Conditions: 
TA = 70·C 
Vcc 
= 4.75V 


Internal 
power-up 
reset circuits 
ensure 
that 
all f1ip- 
flops 
will be reset to a logic 0 after the device 
has 
powered 
up. Because 
Vcc rise can vary significantly 


from 
one application 
to another, 
Vcc 
rise must 
be 
monotonic. 


___tVON~-tpR-: 
LX/'el 
' 


I tsu 
t 
;min.; 


CLOCK 
I-i-Y-:\:-:::·:·-·:·:·-·· .----~ 
-/----- 


~tel~ 


POWER-UP 
RESET 
CHARACTERISTICS 


Parameter 
Parameter 
Value 
Symbol 
Description 


tpR 
Power-Up 
1000 ns Max. 


Reset Time 


VON 
Turn-On 
4.75V 


Voltage 


Input/Output 
Equivalent 
Schematics 


vcc 


ESD 


PROTECTION 


INPUT 


- 
290416-13 


Vcc 
Vcc 


I/O 
PIN 


ESD 
PROTECTION 


INPUT 
PIN 
FEEDBACK 
- 
PRELOAD 


AND 
PROGRAM/ 


VERIFY 
CIRCUITS 
290416-14 
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85C220/85C224 
Family 
Product Selector 
Guide 


Device 
#Plns 
Package 
Max 
#110 
Design 
fMAX 
tpD 
tsu 
teo 
lee 
IOL 
Standby 


Type 
# Inputs 
Emphasis 
(MHz) 
(ns) 
(ns) 
(ns) 
(mA) 
(mA) 
Mode 


85C220-100 
20 
N 
18 
8 
Registered 
100 
7.5 
4.5 
5.5 
90 
24 
No 


Logic 
85C220-80 
20 
D,N,P,M 
18 
8 
Registered 
80 
10 
7 
5.5 
60 
12 
Yes 


Logic 


85C220-66 
20 
D,N,P,M 
18 
8 
Registered 
66 
12 
9 
6 
60 
12 
Yes 


Logic 


85C220-7 
20 
N,P 
18 
8 
Combinatorial 
74 
7.5 
7 
6.5 
105 
24 
No 


Logic 


85C220-10 
20 
N,P 
18 
8 
Combinatorial 
58.8 
10 
10 
7 
105 
24 
No 


Logic 


85C224-100 
24 
N 
22 
8 
Registered 
100 
7.5 
4.5 
5.5 
90 
24 
No 


Logic 


85C224-80 
24 
D,N,P,M 
22 
8 
Registered 
80 
10 
7 
5.5 
60 
12 
Yes 


Logic 


85C224-66 
24 
D,N,P,M 
22 
8 
Registered 
66 
12 
9 
6 
60 
12 
Yes 


Logic 


85C224-7 
24 
N,P 
22 
8 
Combinatorial 
74 
7.5 
7 
6.5 
105 
24 
No 


Logic 


85C224-10 
24 
N,P 
22 
8 
Combinatorial 
58.8 
10 
10 
7 
105 
24 
No 


Logic 


110 


'DO 


90 


80 


F'eNT 


(WHz) 


70 


-66 


60 


50 


25 
'5 
'0 


FIGURE 
1. 85C220/85C224 
Family Speed Bin Comparison 


2-92 


85C220/85C224-100, 
-80 AND -66 
REGISTER OPTIMIZED TIMING FAST 1-MICRON CHMOS 


8-MACROCELL 
fLPLDs 


These register optimized timing j.LPLDsof- 
fer superior design features: 


• 
Low-Power, High-Performance Upgrade 
for SSI/MSI Logic and Bipolar PALs/ 
GALs in Advanced Intel Microprocessor 
i486™, i386™, i860™, 80960 Series and 
other High-Performance Systems 


• 
Replacement or Upgrade for 16V8/ 
20V8 PAL and GAL Architecture 


• 
8 P·T~rms, Selectable SOP Invert, OE 
P-Term for Each Macrocell 


85C220·100 
AND 85C224-100 
• 
100 MHz Max Frequency (External 
Feedback); 5.5 ns (Max) Clock to 
Output; 4.5 ns (Min) Set-Up Time 


• 
Meets Critical Timing Requirements of 
Advanced Intel Microprocessor 
Systems 


• 
7 ns (Max) Propagation Delay 


• 
Typical Ice = 90 mA 
• 
Available in 20-Pin and 28-Pin PLCC 
Packages 


• 
8 Macrocells with Independently 
Programmable I/O Architecture 
(Register/Combinatorial) 


• 
Up to 18 Inputs (10 Dedicated and 
8 I/O) and 8 Outputs 


• 
Programmable "Security Bit" Allows 
Total Protection of Proprietary Designs 


• 
100% Generally Tested Logic Array 


85C220·80 
AND 85C224·80 
• 
Extremely Low Power (Ice = 40 mAl; 
Programmable "Standby" Option 
(25 j.LATypical) 


• 
80 MHz Max Frequency (External 
Feedback); 5.5 ns (Max) Clock to 
Output; 7 ns (Mln) Set-Up Time 


• 
Performance/Power 
Upgrade to "0- 


and E-Speed" PLDs in State Machine 
Applications 


• 
10 ns (Max) Propagation Delay, 
100 MHz Max Frequency (Internal 
Feedback), 111 MHz (Pipelined) 


• 
High-Speed Upgrade to EP320,EP330, 
and 5C032 


• 
Available in 300-mil 20-Pln and 24-Pin 
CerDIP/PDIP Packages, and 20-Pin and 
28-Pin PLCC Packages 


Intel386™, i486™ and i860™ are trademarks of Intel Corporation. 


·PAL is a registered trademark of Advanced Micro Devices. 
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Figure 1. Pinout Diagrams 


The 
Intel 85C220/85C224 
8-micron 
CHMOS 
/LPlD 


(Microcomputer 
Programmable 
logic 
Device) 
is ca- 


pable of implementing 
over 300 equivalent 
gates of 


user-customized 
logic 
functions 
through 
program- 
ming. 
With 
its 
flexible 
I/O 
architecture 
and 
fast 


speeds, 
this device 
has functional 
capabilities 
that 


surpass 
those 
of typical 
programmable 
logic devic- 


es. This device 
can be used to upgrade 
high-speed 


bipolar 
programmable 
logic 
devices 
and 
74-series 


lS and CMOS SSI and MSI logic devices 
in bus con- 


trol and state-machine 
applications 
for Advanced 
In- 
tel 
Microprocessors, 
i486™, 
Intel386™, 
and 
Intel 


i860™-based 
systems 
and other 
high-performance 


processors. 
The 85C220/85C224 
can also be used 


as a direct, 
low-power 
replacement 
for 
almost 
all 


high-speed 
20-pin 
and 24-pin 
fuse-based 
program- 


mable logic devices. 


The 85C220/85C224 
uses advanced 
EPROM 
cells 


as architecture 
and logic control 
memory 
elements. 


Coupled 
with Intel's proprietary 
CHMOS 
"'E technol- 


ogy, these 
devices 
offer a fast tpD in combinatorial 


mode, 
with 
current 
consumption 
much 
lower 
than 


bipolar 
devices 
of equivalent 
speed. 
The maximum 


"count" 
frequencies 
of 100 MHZ 
and 80 MHz are 


optimized 
for high-performance 
state machines 
typi- 


cally 
encountered 
in 
bus 
control 
applications. 


EPROM 
technology 
allows 
these 
devices 
to 
be 


100% factory 
tested by programming 
and erasing all 


the EPROM 
logic control 
elements. 


The inherent 
speed 
of the device 
together 
with its 


lower power demands 
and plastic package 
make the 


85C220/85C224 
an 
ideal 
production 
vehicle 
for 


high-volume 
manufacturing 
of 
high-performance 


systems. 
The 85C220/85C224 
will improve 
perform- 


ance and reliability, 
while decreasing 
system 
noise, 
power 
consumption 
and heat generation. 


The architecture 
of the 85C220/85C224 
is based on 


the SOP (Sum of Products) 
PAL structure 
with a pro- 


grammable 
AND array feeding 
into a fixed OR array. 
Programmable 
macrocells 
allow 
the 
device 
to ac- 


commodate 
both combinatorial 
and sequential 
logic 


functions. 
Each macrocell 
is individually 
programma- 
ble for combinatorial 
or registered 
output. 
An invert 


option 
on the SOP allows 
each output 
to be config- 


ured as an active-high 
or active-low 
output. 


As shown 
in Figures 
2 and 3, the 85C220/85C224 


contains 
10/14 
dedicated 
inputs 
and 
8 I/O 
pins. 


Each 
I/O 
pin can 
be 
individually 
programmed 
to 


function 
as an input, output, 
or bidirectional 
I/O pin. 


Associated 
with 
each 
I/O 
pin is a programmable 


macrocell. 


Figures 
4 and 5 show the structure 
of the 85C220/ 


85C224 
macrocell. 
Each 
macrocell 
includes 
a 


p-term 
(product 
term) block with eight AND p-terms 


feeding 
the OR gate of the 
I/O 
control 
block 
and 


one additional 
p-term 
controlling 
the output 
buffer. 


The 
logic 
array 
is 
36 
rows 
wide, 
allowing 
each 


p-term 
in the device 
to connect 
to the true or com- 


plement 
of 
each 
input 
and 
I/O 
feedback 
signal. 


Each intersecting 
point in the logic array is connect- 


ed 
or 
not 
connected 
based 
on 
the 
value 
pro- 
• 


grammed 
in the 
EPROM 
array. 
Initially 
(EPROM 


erased 
state), 
all p-terms 
are connected 
to all sig- 


nals. Connections 
are broken 
by programming 
the 


appropriate 
EPROM 
cells. Connecting 
both the true 


and complement 
of a signal 
for a given 
p-term 
re- 


moves 
that 
p-term 
from 
the SOP for the macrocell 


(i.e., that p-term 
is a "don't 
care"). 


Figure 6 shows the architecture 
of each macrocell's 


I/O control 
block. The SOP input to the I/O control 


block 
can be inverted 
or non-inverted. 
The 
output 


can be registered 
or cOlJlbinatorial. 
When registered 


output 
is 
selected, 
feedback 
to 
the 
logic 
array 


comes 
directly 
from 
the register 
(before 
the output 


buffer). When combinatorial 
output is selected, 
feed- 


back comes from the I/O pin (after the output buffer) 
and can be used for bidirectional 
I/O. The register 
is 


a D-type 
register 
that clocks 
on the rising edge 
of 


ClK. 


20-PIN AND 24-PIN PlD 
COMPATIBiliTY 


The 85C220/85C224 
is designed 
to be a logical 
su- 


perset of most high-speed 
20-pin and 24-pin bipolar 


PAL and GAL devices. 
The I/O and logic sections 
of 


the device 
can be configured 
to emulate 'any of the 


devices 
listed 
below. 
Designers 
can often 
replace 


multiple 
PAls 
with fewer 
85C220/85C224 
devices. 


Tables 
1 and 
2 include 
some 
of the 
devices 
with 


which the 85C220/85C224 
are compatible. 


int'el. 


10 ns-20-Pin 
and 24·Pin 


Company 
20·Pin Part 
24-Pin Part 


Intel 
85C220·80 
85C224·80 


AMD 
PAL16L8D 
PAL20L8-10 


AMD 
PAL16R8D 
PAL20R8-10 


AMD 
PAL16R4D 
PAL20R4-10 


AMD 
PAL16R6D 
PAL20R6-10 


AMD 
PAL 16R8-7 
PAL20R8-7 


AMD 
PALCE16V8 
PALCE20V8 


National 
GAL16V8A 
GAL20V8A 


National 
PAL16L8D 
PAL20L8D 


National 
PAL16R4D 
PAL20R4D 


National 
PAL16R6D 
PAL20R6D 


National 
PAL16R8D 
PAL20R8D 


National 
PAL 16R8-7 
N/A 


Signetics 
PLUS16L8D 
PLUS20L8D 


Signetics 
PLUS16R4D 
PLUS20R4D 


Signetics 
PLUS16R6D 
PLUS20R6D 


Signetics 
PLUS16R8D 
PLUS20R8D 


Signetics 
PLUS16R8-7 
PLUS20R8-7 


TI 
TIBPAL 16L8-1 0 
TIBPAL20L8-10 


TI 
TIBPAL 16R4-1 0 
TIBPAL20R4-10 


TI 
TIBPAL 16R6-1 0 
TIBPAL20R6-10 


TI 
TIBPAL 16R8-10 
TIBPAL20R8-10 


TI 
TIBPAL16R8-7 
TIBPAL20R8-7 


12 ns-20·Pin 
and 24-Pin 


Company 
20·Pin Part 
24·Pin Part 


Intel 
85C220-66 
85C224-66 


AMD 
PAL 16L8 
PAL20L8 


AMD 
PAL 16R8 
PAL20R8 


AMD 
PAL16R4 
PAL20R4 


AMD 
PAL16R6 
PAL20R6 


AMD 
PALCE16V8 
PALCE20V8 


Cypress 
PALC16L8 
PALC20L8 


Cypress 
PALC16R4 
PALC20R4 


Cypress 
PALC16R6 
PALC20R6 


Cypress 
PALC16R8 
PALC20R8 


Cypress 
PLDC18G8 
PLDC20G10 


National 
GAL16V8A 
GAL20V8A 


National 
PAL10H8 
N/A 


National 
PAL 10L8 
PAL14L8 


National 
PAL12H6 
N/A 


National 
PAL12L6 
PAL12L10 


National 
PAL14H4 
N/A 


National 
PAL 14L4 
PAL18L4 


National 
PAL16C1 
PAL20C1 


National 
PAL16H2 
N/A 


National 
PAL 16L2 
PAL20L2 


National 
PAL 16L6 
N/A 


National 
PAL 16L8 
PAL20L8 


National 
PAL16R4 
PAL20R4 


National 
PAL16R6 
PAL20R6 


National 
PAL16R8 
PAL20R8 


Signetics 
PLUS16L8 
PLUS20L8 


Signetics 
PLUS16R4 
PLUS20R4 


Signetics 
PLUS16R6 
PLUS20R6 


Signetics 
PLUS16R8 
PLUS20R8 


TI 
TIBPAL16L8 
TIBPAL20L8 


TI 
TIBPAL16R4 
TIBPAL20R4 


TI 
TIBPAL16R6 
TIBPAL20R6 


TI 
TIBPAL16R8 
TIBPAL20R8 
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Figure 3. 85C224 
Global Architecture 
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intel· 


The 85C220/85C224 
contains 
a programmable 
bit, 
the 
Turbo 
Bit, 
that 
optimizes 
operation 
either 
for 


speed 
or for power 
savings. 
When 
the Turbo 
Bit is 


programmed 
(TURBO 
= ON), 
the 
device 
is opti- 


mized 
for maximum 
speed. 
When 
the Turbo 
Bit is 


not programmed 
(TURBO 
= OFF), the device is op- 


timized 
for power savings 
by entering 
standby 
mode 


during periods 
of inactivity. 


Figure 
7 shows 
the device 
entering 
standby 
mode 


approximately 
75 ns after the last input or I/O tran- 
sition. 
When 
the next input or I/O 
transition 
is de- 
tected, 
the device 
returns 
to active 
mode. 
Wakeup 


time 
adds 
an additional 
20 ns to the 
propagation 


delay through 
the device 
as measured 
from the first 


transition. 
No delay will occur 
if an output 
is depen- 
dent on more than one input and the last of the in- 
puts changes 
after the device 
has returned 
to active 


mode. 


After erasure, the Turbo Bit is unprogrammed 
(OFF); 
automatic 
standby 
mode is enabled. 
When the Tur- 


bo Bit is programmed 
(ON), the device 
never enters 
standby 
mode. 


85C220/85C224 
inputs and outputs 
begin respond- 


ing 1 /Ls (max.) after Vcc 
power-up 
(Vcc = 4.75V) 


or after a power-Ioss/power-up 
sequence. 
All mac- 


rocells programmed 
as registers 
will be set to a logic 


low. 


Prior to programming 
or after erasure, 
the I/O struc- 


ture is configured 
for combinatorial 
active low output 


with input (pin) feedback. 


Erasure time for the 85C220/85C224 
is 1 hour at 


12,000 /LWsec/cm2 
with a 2537A 
UV lamp. 


Erasure 
characteristics 
of the device 
are such that 


erasure 
begins to occur 
upon exposure 
to light with 


wavelengths 
shorter 
than 
approximately 
4000A. 
It 


should 
be noted 
that 
sunlight 
and certain 
types 
of 


fluorescent 
lamps have wavelengths 
in the 3000A- 


4000A 
range. Data shows that constant 
exposure 
to 


room level fluorescent 
lighting 
could erase the typi- 


• 


int:el.. 


FIRST 
INPUT 
OR I/o 


LAST 


INPUT 
OR I/O 


75 ns 
TO STANDBY 


(APPROX.) 
t.40DE 


ACTIVE 
t.40DE 


lee 


STANDBY 
t.40DE 


IS8 


ACTIVE 
t.40DE 


lee 


OmA 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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cal 
85C220/85C224 
in 
approximately 
six 
years, 


while 
it would 
take 
approximately 
two 
weeks 
to 
erase the device when exposed 
to direct sunlight. 
If 


the device 
is to be exposed 
to these 
lighting 
condi- 
tions 
for 
extended 
periods 
of 
time, 
conductive 
opaque 
labels should be placed over the device win- 
dow to prevent 
unintentional 
erasure. 


The 
recommended 
erasure 
procedure 
for 
the 
85C220/85C224 
is exposure 
to shortwave 
utraviolet 


light with a wavelength 
2537 A. The integrated 
dose 


(Le., 
UV 
intensity 
x 
exposure 
time) 
for 
erasure 


should 
be a minimum 
of forty 
(40) Wsec/cm2. 
The 
erasure 
time 
with 
this 
dosage 
is approximately 
1 
hour 
using 
an 
ultraviolet 
lamp 
with 
a 
12,000 /LW/cm2 
power rating. The device should be 
placed 
within 
1 inch of the lamp tubes during expo- 
sure. 
The 
maximum 
integrated 
dose 
the 85C2201 
85C224 
can be exposed 
to without 
damage 
is 7258 
Wsec/cm2 
(1 week 
at 12,000 
/LW/cm2). 
Exposure 


to 
high 
intensity 
UV 
light 
for 
longer 
periods 
may 
cause permanent 
damage 
to the device. 


Intelligent 
Programming 
Algorithm 


The 
85C220/85C224 
support 
the 
Intelligent 
Pro- 


gramming 
Algorithm, 
which 
rapidly 
programs 
Intel 


EPLDs, 
and 
many 
of 
Intel's 
microcontrollers 
and 


EPROMs 
while maintaining 
a high degree of reliabili- 


ty. It is particularly 
suited 
for 
production 
program- 


ming 
environments. 
This 
method 
decreases 
the 


overall 
programming 
time while reliability 
is ensured 


as the incremental 
programming 
margin 
of each bit 


has been verified 
during programming. 
Programming 


voltage 
and 
waveform 
specifications 
are available 


by request 
from 
Intel 
to 
support 
device 
program- 


ming. 


All of the input, output, 
and clock 
pins of the device 


have been designed 
to resist latch-up which is inher- 


ent 
in 
inferior 
CMOS 
structures. 
The 
85C2201 


85C224 
is designed 
with Intel's 
proprietary 
1-micron 


intel· 


CHMOS 
IIIE EPROM 
process. 
Thus, 
each 
of the 


pins will not experience 
latch-up 
with currents 
up to 


± 100 mA and voltages 
ranging from 
-0.5V 
to (VCC 


+ 0.5V). The programming 
pin is designed 
to resist 


latch-up 
to the 13.5V maximum 
device 
limit. 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins be constrained 
to the voltage 


range GND 
~ (VIN or VOUT) ~ Vcc. 
All unused 
in- 
puts and I/Os should be tied high or low to minimize 
power consumption 
(do not leave them floating). 
On 


the 85C224 
PLCC package, 
the optional 
power 
pin 


(pin 1) and optional 
ground 
pins (8,15, 
and 22) may 


be connected 
to power and ground, 
respectively, 
to 


reduce 
output 
switching 
noise. A high-speed 
power 


supply 
decoupling 
capacitor 
of at least 0.2 IJ-F must 


be connected 
directly 
between 
the Vcc 
and 
GND 


pins. 


As with all CMOS devices, 
ESD handling 
procedures 


should 
be used with the devices 
to prevent 
damage 


to the devices 
during 
programming, 
assembly, 
and 


test. 


The 
85C220 
and 85C224 
are supported 
by Intel's 


PLDshell 
Plus software 
as well 
as third-party 
logic 


compilers 
such 
as ABEL', 
CUPL', 
PLDDesigner', 
Log/IC', 
etc. 


PLDshell 
Plus software 
is a free design package 
that 


accepts 
PALASM@ 
2-compatible 
source 
files. 


PLDsheli 
Plus software 
allows you to design 
in a fa- 


miliar language 
and to functionally 
simulate 
your de- 


sign. You can also 
invoke 
third-party 
design 
pack- 


ages directly 
from the PLDshell 
Run menu. 


iPLS II includes 
the LOC (Logic Optimizing 
Compiler) 


and 
APT 
(Advanced 
Programming 
Tool). 
For 
de- 


tailed 
information 
on iPLS 
II, refer 
to the 
iPLDS 
II 


Data Sheet, order number: 
290134. 


The following 
ADF primitives 
are supported 
by this 


device: 


INP 


CONF 


COIF 


RONF 


RORF 


NORF 


Programming 
for the 85C220 
is supported 
by APT 


on the GUPI 20D20J 
Programming 
Adaptor 
using ei- 


ther 
an 
iUP-PC 
Personal 
Programmer 
or an 
iUP- 


200Al201A 
Universal 
Programmer. 
Programming 


for the 85C224 
is supported 
by the same software/ 


platforms 
using 
the 
GUPI 
24D28J 
Programming 


Adaptor. 


85C220/85C224 
programming 
support 
is also 
pro- 


vided by third-party 
programmer 
companies 
such as 


Data I/O, 
Logical 
Devices, 
STAG, 
etc. Please 
refer 


to the "Programming 
Support" 
lists in the Program- 


mable Logic handbook 
for complete 
information 
and 


vendor 
contacts. 


fCNT1 
fMAX 
tpD 
Order 
Code 
Order 
Code 
Package 
Operating 
Range 
(MHz) 
(MHz) 
(ns) 
20-Pln 
24-Pin 


100 
115 
7.5 
N85C220-100 
N85C224-100 
PLCC 
Commercial 


80 
111 
10 
D85C220-80 
D85C224-80 
'CerDIP 
Commercial 


P85C220-80 
P85C224-80 
PDIP 


N85C220-80 
N85C224-80 
PLCC 


66 
90.9 
12 
D85C220-66 
D85C224-66 
'CerDIP 
Commercial 


P85C220-66 
P85C224-66 
PDIP 


N85C220-66 
N85C224-66 
PLCC 


'ABEL 
is a trademark 
of Data I/O, 
Corporation. 
CUPl 
is a trademark 
of logical 
Devices, 
Inc. PlDesigner 
is a trademark 
of 


MINC, 
Inc. 


infel· 


ABSOLUTE 
MAXIMUM 
RATINGS· 


Supply Voltage 
(Vce)ll) 
-2.0V 
to + 7.0V 


Programming 
Supply 


Voltage 
(Vpp)lll. 
-2.0V 
to + 13.5V 


D.C. Input Voltage 
(V1)ll, 2) 
-0.5V 
to Vce 
+ 0.5V 


Storage Temperature 
(f 5TG) 
- 65·C to + 150·C 


Ambient 
Temperature 
(f AMS)13) .. -1 O·C to + 85·C 


NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.C. input is -0.5V. 
During transitions, the in- 


puts may undershoot to -2.0V 
or overshoot to +7.0V for 


periods of less than 20 ns under no load conditions. 
3. Under bias. Extended Temperature versions are also 
available. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Units 


Vce 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vce 
V 


Vo 
Output Voltage 
0 
Vce 
V 


TA 
Operating 
Temperature 
0 
+70 
·C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


D.C. CHARACTERISTICS 
(fA = O·Cto 
+70·C, 
Vce = 5.0V ±5%) 


85C220/85C224-80 
and -66 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vcc+0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
High Level Output Voltage 
2.4 
V 
10 = -4.0 
mA D.C., Vce = Min 


VOLlS) 
Low Level Output Voltage 
0.45 
V 
10 = 12.0 mA D.C., Vcc = Min 


II 
Input Leakage 
Current 
±10 
/-loA 
Vce = Max, GND < VIN < Vce 


loz 
Output Leakage Current 
±10 
/-loA 
Vcc = Max, 
GND < VOUT < Vcc 


l5cl6) 
Output Short Circuit Current 
-30 
-120 
mA 
Vce = Max, VOUT = 0.5V 


l5s(7) 
Standby Current 
50 
500 
/-loA 
Vce = Max, VIN = Vcc or 
GND, Standby 
Mode 


Ice 
Power Supply Current (see 
2 
5 
mA 
Vce = Max, VIN = Vce or 
Ice vs Frequency 
Graph) 
GND, No Load, fiN = 1 MHz, 
Device Prog. as an 8-Bit 
Counter, 
Non-Turbo 
Mode 


35 
50 
mA 
fiN = 15 MHz, Active Mode 


45 
60 
mA 
fiN = 80 MHz, Active Mode 


intel· 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vee + 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
High Level Output Voltage 
2.4 
V 
1/0 = -4.0 
mA D.C., Vee = Min 


VOL 
Low Level Output Voltage 
0.45 
V 
I/O = 24.0 mA 
D.C., Vee = Min 


II 
Input Leakage 
Current 
±10 
IJ-A 
Vcc = Max, GND < VIN < Vee 


loz 
Output 
Leakage Current 
±10 
IJ-A 
Vee = Max, 
GND < VOUT < Vee 


Isd6) 
Output Short Circuit Current 
-30 
-120 
mA 
Vee = Max, VOUT = 0.5V 


Ice 
Power Supply Current 
60 
90 
mA 
Vee = Max, VIN = Vee or GND, 
No Load, fiN = 25 MHz, 
Device Prog. as an 8-Bit Counter 


85 
115 
mA 
fiN = 100 MHz 


NOTES: 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5. Maximum DC IOLfor the device (all 8 outputs) is 64 mA. 
6. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 
7. In Non-Turbo Mode (TURBO=OFF), device enters standby mode approximately 75 ns after the last input transition. 


-100 


5V 


TO TEST 
SYSTEM 


(INCLUDES JIG 
CAPACITANCE) 


TO TEST 
SYSTEM 


(INCLUDES 
JIG 
CAPACITANCE) 


• 


INPUTS (SETUP 
AND HOLD)'::3-""~"" 
-t_1._5V 
_ 


----------1-"*_.=~_=_:~_:-=-~~-_T-_E-S~T~P~0~IN~T_S-_-_- 


290224-8 
A.C. Testing: Inputs (including ClK) are driven at 3.0V for a logic "1" and OV for a logic "0". Setup and hold input 
measurements relative to ClK are made at 2.0V on ClK (Iow-to-high transition). Inputs are measured at 2.0V for a high 
and 0.8V for a low. Outputs are measured at 1.5V. Device input rise and fall times are less than 3 ns. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
4 
6 
pF 
VIN = OV, f = 1.0 MHz 


Cia 
I/O Capacitance 
5 
B 
pF 
VaUT = OV, f = 1.0 MHz 


CClK 
ClK 
Capacitance 
6 
B 
pF 
VaUT = OV, f = 1.0 MHz 


Cvpp 
Vpp Pin Capacitance 
B 
10 
pF 
Vppon 
Pin 11/13, 
f = 1.0 MHz 


NOTES: 
8. These values are evaluated during initial characterization and whenever design modifications occur that may affect capac- 
itance. 


85C220·1001 
85C220·801 
85C220·661 


Symbol 
Paral11eter 
85C224·100 
85C224·80 
85C224·66 
Non· Turbo(10) 
Units 
Mode 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


tpD(11) 
Input or I/O 
3 
7.5 
4 
10 
4 
12 
+20 
ns 


to Output 


tpZX(12) 
Input or I/O 
3 
9 
4 
12 
4 
12 
+20 
ns 


to Output 
Enable 


tpXZ(12) 
Input or I/O 
3 
9 
4 
10 
4 
12 
+20 
ns 


to Output 
Disable 


NOTES: 
9. Typical values are at TA = + 25°C, Vcc = 5V, Active Mode. 
10. If device is operated in Standby Mode (Standby bit = low) and the device is inactive for approximately 75 ns, increase 
time by amount shown for -80 and -66 only. 
11. Measured with all eight outputs switching. 
12. tpzx and tpxz are measured at ±0.5V from steady state voltage as driven by specification output load. tpxz is measured 
with CL = 5 pF. Measured with all eight outputs switching. 


85C220-100/ 
85C220-80/ 
85C220-66 
Non- Turbo(10) 
Symbol 
Parameter 
85C224-100 
85C224-80 
85C224-66 
Units 
Mode 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mln 
Typ 
Max 


fCNT1(ll) 
Maximum Counter Frequency 
111 
100 
100 
80 
80 
66 
MHz 
1/(tsu 
+ tco)-External 
Feedback 


fCNT2(11) 
Maximum Counter Frequency 
115 
111 
100 
90 
83.3 
MHz 
1/(tCNT)-lnternal 
Feedback 
I 


fMAX(ll) 
Maximum Frequency 
(Pipelined) 
115 
125 
111 
100 
90.9 
MHz 
1/(tcw)-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
4.5 
7 
9 
+20 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
0 
0 
ns 


tC01 
ClK 
High to Output Valid 
3 
5.5 
1.5(13) 
5.5(11) 
1.5(13) 
6(11) 
ns 


tC02 
ClK 
High to Output Valid Fed 
4.5 
10 
4.5 
13 
4.5 
15 
+20 
ns 
through Comb. Macrocell 


tCNT(ll) 
Macrocell 
Output Feedback 
to 
10 
10 
12 
+20 
ns 
Macrocellinput-internal 
Path 


tCl 
ClK 
low Time 
4 
4 
5 
ns 


tCH 
ClK 
High Time 
4 
4 
5 
ns 


tcw 
ClK 
Period 
10 
9 
11 
ns 


NorE: 
13. teol 
min. is measured 
with one output 
switching, 
TA = O°C, Vee = 5.25V. 
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Conditions: 
TA = 2S·C 
Vcc 
= S.2SV 


85C220/85224 
Icc vs Frequency 
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85C220/85C224 
tpD Derating 
vs Capacitive 
Loading 
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Conditions: 
TA = 70·C 
Vcc 
= 4.7SV 


ESD 
PROTECTION 


INPUT 
PIN 
FEEDBACK 


PRELOAD 
AND 
PROGRAM/ 


VERIFY 
CIRCUITS 
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85C220/85C224 Output Drive Current 
In Relation to Voltage 
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Conditions: 
TA = +80"C 
Vcc 
= 4.75V 


Internal power-up reset circuits ensure that all flip- 
flops will be reset to a logic 0 after the device has 
powered up. Because Vcc rise can vary significantly 
from one application to another, Vcc rise must be 
monotonic. 
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Symbol 
Parameter 
Value 


tpR 
Power-Up Reset Time 
1000 nsMax. 


VON 
Turn-On Voltage 
4.75V 


POWER 
(Vcc) ___ 
."/VON 


:.-- 
tpR 
-----.; 


-: 
tsu 1_ 
mtn.l 
, 
I 
& t-- 
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Description 
85C220 
85C224 
oJa-Junction-to-Ambient 
68°C/W-CerDIP 
55°C/W-CerDIP 
Thermal 
Resistance 
90°C/W-PDIP 
65°C/W-PDIP 
90°C/W-PLCC 
65°C-PLCC 
oJc-Junction-to-Case 
30°C/W-CerDIP 
55°C/W-CerDIP 
Thermal 
Resistance 
25°C/W-PDIP 
20°C/W-PDIP 
25°C/W-PLCC 
20°C/W-PLCC 


Process 
CHMOS 
IIIE, PX29.5 
CHMOS 
IIIE, PX29.5 


Ice Hot-Ambient 
@70°C 
40 mA (-80 Only) 


Ice Typical-Ambient 
@25°C 
40 mA (-80 Only) 


-003 to -004 


Combined 
85C220 
and 85C224 
devices 
into one datasheet. 


Addition 
of specification 
for 85C220-100 
and 85C224-100 
devices. 


85C220/85C224-7 
AND -10 
COMBINATORIAL 
OPTIMIZED TIMING 
FAST 1-MICRON CHMOS 
8-MACROCELL 
p,PLDs 


These 
Combinatorial 
Optimized 
Timing 
JLPLDs Offer Superior 
Design Features: 


• 
High-Performance 
Low-Power 
Upgrade 
for SSI/MSI 
Logic and Bipolar/CMOS 
PLDs in Inte1386™, 
i486™, 
i860™, 
80960 Series and Other High- 
Performance 
Systems 


• 
Performance/Power 
Upgrade 
for-7 
PALs* /GALs*; 
Superset 
of Common 
20- 
Pin and 24-Pin PAL/GAL 
Architectures 


• 
tpD 7.5 ns, 74 MHz Frequency 
with 
External 
Feedback, 
100 MHz Frequency 
with Internal 
Feedback 
and with No 
Feedback 


• 
Up to 18/22 
Inputs and 8 Outputs 


(18/22 
Inputs = 10/14 
Dedicated 
and 8 
I/O) 


• 
8 I/O 
Macrocells 
with Programmable 
I/O Architecture 
. 


(Register/Combinatorial) 


• 
8 P-Terms, 
Selectable 
SOP Invert, 
OE 


P-Term for Each Macrocell 


• 
"Half-Power" 
lee = 90 mA Max. at 
25 MHz, 105 mA Max. at 74 MHz 


• 
Output 
Buffers 
Optimized 
for Low- 


Noise Operation 


• 
Extensive 
Software 
and Programming 


Support 
via Intel and Third-Party 
Tools 


• 
1-Micron 
CHMOS* 
IIIE EPROM 
2 


Technology 
in OTP Package; 
100% 


Generically 
Tested 
Logic Array 


• 
Programmable 
"Security 
Bit" Allows 


Total Protection 
of Proprietary 
Designs 


• 
Available 
in 20-Pin/28-Pin 
PLCC and 20- 


Pin/24-Pin 
PDIP Packages 
(PDIP220 


Available 
Q2'93, PDIP224 
Available 
Q1'93) 


(See 
Packaging 
Spec., 
Order 
Number 
240800, 


Package 
Types 
Nand 
P) 
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is a patented 
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of Intel Corporation. 
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The Intel 85C220-7 and 85C224-7 1-micron CHMOS 
JLPLDs(Microcomputer Programmable Logic Devic- 
es) are superset devices capable of upgrading 
7.5 ns PALslGALs and 74-series LS and CMOS SSI 
and MSI logic devices in high-performance micro- 
computer systems. The inherent speed of the devic- 
es together with their lower power demands and 
plastic packaging make the 85C220 and 85C224 
ideal production vehicles for high-volume manufac- 
turing of high-performance systems. These devices 
can improve performance while decreasing system 
noise, power consumption, and heat generation. 


The 85C220/85C224 
use advanced EPROM cells 


as architecture and logic control memory elements. 
Coupled with Intel's proprietary CHMOS IIIEtechnol- 
ogy, the devices offer a fast \Po in combinatorial 
mode, and fast counter frequencies in registered ap- 
plications with current consumption much lower than 
bipolar devices of equivalent speed. EPROM tech- 
nology allows these devices to be 100% factory 
tested by programming and erasing all the EPROM 
logic control elements. 


The architecture of the devices is based on the SOP 
(Sum of Products) PAL structure with a programma- 
ble AND array feeding into a fixed OR array. Pro- 
grammable macrocells allow the device to accom- 
modate both combinatorial and sequential logic 
functions. Each macrocell is individually programma- 
ble for combinatorial or registered output. An invert 
option on the SOP allows each output to be config- 
ured as an active-high or active-low output. 


As shown in Figure 2, the 85C220 contains 10 dedi- 
cated inputs and 8 1/0 pins. Figure 3 shows the 
85C224, which contains 14 dedicated inputs and 8 
1/0 pins. On both devices, each 1/0 pin can be indi- 
vidually programmed to function as an input, output, 
or bidirectional 1/0 pin. Associated with each 1/0 pin 
is a programmable macrocell. 


Figure 4 shows the structure of the 85C220 macro- 
cell; Figure 5 shows the 85C224 macrocell. Each 
macrocell includes a p-term (product term) block 
with eight AND p-terms feeding the OR gate of the 
1/0 control block and one additional p-term control- 
ling the output buffer. The global logic array allows 
each p-term in the devices to connect to the true or 
complement of each input and I/O feedback signal. 
The 85C220 contains 36 array rows, while the 
85C224 contains 44 array rows. Each intersecting 
point in the logic array is connected or not connect- 
ed based on the value programmed in the EPROM 
array. Initially (EPROM erased state), all p-terms are 
connected to all signals. Connections are broken by 
programming the appropriate EPROM cells. Con- 
necting both the true and complement of a signal for 
a given p-term removes that p-term from the SOP for 
the macrocell (Le., that p-term is a "don't care"). 


Figure 6 shows the architecture of each macrocell's 
1/0 control block. The I/O control blocks for the de- 
vices are identical. The SOP input to the 1/0 control 
block can be inverted or non-inverted. The output 
can be registered or combinatorial. When registered 
output is selected, feedback to the logic array 
comes directly from the register (before the output 
buffer). When combinatorial output is selected, feed- 
back comes from the 1/0 pin (after the output buffer) 
and can be used for bidirectional 110. The register is 
a D-type register that clocks on the rising edge of 
the global CLK. 
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The 85C224 
is a logical superset 
of most high-speed 


24-pin 
PAL/GAL 
devices. 
The 
I/O 
and 
logic 
sec- 


tions of the device can be configured 
to emulate 
the 


devices 
listed. 
Designers 
can often 
replace 
multiple 


PALs 
with 
the 
85C224 
devices. 
In 
many 
cases 


22V10 
devices 
can also be replaced. 
The following 


list includes 
some of the devices 
with which 85C224 


is compatible. 


7 ns-20-Pin 
and 24-Pin 


Company 
20-Pin Part 
24-Pin Part 


Intel 
85C220-7 
85C224·7 


Lattice 
GAL16V8B 
GAL20V8B 


AMD 
PAL16L8 
PAL20L8 


AMD 
PAL16R8 
PAL20R8 


AMD 
PALCE16V8 
PALCE20V8 


National 
PAL16L8 
N/A 


National 
PAL 16R8 
N/A 


Signetics 
PLUS16L8 
PLUS20L8 


Signetics 
PLUS16R8 
PLUS20R8 


TI 
TIBPAL16L8 
TIBPAL20L8 


TI 
TIBPAL16R8 
TIBPAL20R8 


10 ns-20·Pin 
and 24-Pln 


Company 
20·Pin 
24-Pln 


Intel 
85C220-10 
85C224-10 


Lattice 
GAL16V8A 
GAL20V8A 


Lattice 
GAL16V8B 
GAL20V8B 


AMD 
PAL16L8 
PAL20L8 


AMD 
PAL20L8 
PAL20R8 


AMD 
PALCE16V8 
PALCE20V8 


National 
PAL16L8 
PAL20L8 


National 
PAL16R8 
PAL20R8 


National 
GAL16V8A 
GAL20V8A 


Signetics 
PLUS16L8 
PLUS20L8 


Signetics 
PLUS16R8 
PLUS20R8 


TI 
TIBPAL16L8 
TIBPAL20L8 


TI 
TIBPAL16R8 
TIBPAL20R8 


NOTES: 
•• Easy Cross Programming for JEDEC compatibility. 
•• Extensive software and programming support by Intel 
and Third-Party Tools. 
• 


PROGRA •••• ABLE 
AND 
ARRAY 
36 x 72 
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Figure 3. 85C224 
Global Architecture 
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Figure 5. 85C224 
Macrocell 
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8 
PRODUCT 
TERt.4S 


85C220/85C224 
inputs and outputs 
begin respond- 
ing 1 JLs (max.) after VCC power-up 
(VCC = 4.75V) 
or after a power-Ioss/power-up 
sequence. 
All mac- 
rocells programmed 
as registers 
will be set to a logic 
low. 


Prior to programming, 
the 1/0 structure 
is configured 
for combinatorial 
active 
low output 
with 
input 
(pin) 
feedback. 


Intelligent 
Programming 
Algorithm 


The 
85C220/85C224 
support 
the 
Intelligent 
Pro- 
gramming 
Algorithm, 
which 
rapidly 
programs 
Intel 
EPLDs, 
and 
many 
of 
Intel's 
microcontrollers 
and 
EPROMs 
while maintaining 
a high degree of reliabili- 
ty. It is particularly 
suited 
for production 
program- 
ming 
environments. 
This 
method 
decreases 
the 
overall 
programming 
time 
while 
programming 
reli- 
ability 
is ensured 
as the 
incremental 
programming 
margin of each bit has been verified during program- 
ming. Programming 
voltage 
and waveform 
specifica- 
tions 
are available 
by request 
from 
Intel to support 
device 
programming. 


All of the input, output, and clock pins of the devices 
have been designed 
to resist latch-up 
which is inher- 


ent in inferior CMOS structures. 
The devices 
are de- 


signed with Intel's 
proprietary 
1-micron 
CHMOS 
IIIE 


EPROM 
process. 
Thus, each of the pins will not ex- 


perience 
latch-up 
with currents 
up to ± 100 mA and 


voltages 
ranging 
from 
-0.5V 
to (Vcc + 0.5V). The 


programming 
pin is designed 
to resist latch-up 
to the 


13.5V maximum 
device 
limit. 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins 
be constrained 
to the voltage 


range GND 
~ (VIN or Your) 
~ Vcc. 
All unused 
in- 


puts and II0s should be tied high or low to minimize 
power consumption 
(do not leave them floating). 
On 


the 85C224 
PLCC Package, 
the optional 
power 
pin 


(pin 1) and optional 
ground 
pins (8, 15, and 22) may 


be connected 
to power and ground, 
respectively, 
to 


reduce 
output 
switching 
noise. A high-speed 
power 


supply decoupling 
capacitor 
of at least 0.2 JLF must 


be connected 
directly 
between 
the 
Vcc 
and GND 


pins. 


As with all CMOS devices, 
ESD handling 
procedures 


should 
be used with the devices 
to prevent 
damage 


to the devices 
during 
programming, 
assembly, 
and 


test. 
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The 85C220 
and 85C224 
are supported 
by Intel's 


PLDshell 
Plus™ 
software 
and iPLS II (Intel Program- 


mable 
Logic 
Software), 
as well 
as third-party 
logic 


compilers 
such 
as ABEL', 
CUPL', 
PLDDesigner', 


Log/IC', 
etc. 


PLDshell 
Plus software 
is a free design package 
that 


accepts 
PALASM@ 
2-compatible 
source 
files. 


PLDshell 
Plus software 
allows you to design in a fa- 


miliar language 
and to functionally 
simulate 
your de- 


sign. You can also 
invoke 
third-party 
design 
pack- 


ages directly 
from the PLDshell 
Run menu. 


iPLS II includes 
the LOC (Logic Optimizing 
Compiler) 


and 
APT 
(Advanced 
Programming 
Tool). 
For 
de- 


tailed 
information 
on iPLS 
II, refer 
to the 
iPLDS 
II 
Data Sheet, 
order number: 
290134. 


The following 
ADF primitives 
are supported 
by this 


device: 


INP 
CONF 
COIF 


RONF 
RORF 
NORF 


Programming 
for the 85C220 
is supported 
by APT 


on the GUPI 20D20J 
Programming 
Adaptor 
using ei- 


ther 
an 
iUP-PC 
Personal 
Programmer 
or an 
iUP- 


200Al201A 
Universal 
Programmer. 
Programming 


for the 85C224 
is supported 
by the same software/ 


platforms 
using 
the 
GUPI 
24D28J 
Programming 


Adaptor. 


85C220/85C224 
programming 
support 
is also 
pro- 


vided by third-party 
programmer 
companies 
such as 


Data I/O, 
Logical 
Devices, 
STAG, 
etc. Please 
refer 


to the Programmable 
Logic 
handbook 
for complete 


information 
and vendor 
contacts. 


fCNT1 
fMAX 
tpD1/tpD2 
Order 
Code 
Package 
Operating 
Range 


74 
100 
7.5/8.5 
N85C220-7 
PLCC 
Commercial 


P85C220-7 
PDIP 


58.8 
62.5 
10 
N85C220-10 
PLCC 
Commercial 


P85C220-10 
PDIP 


fCNT1 
fMAX 
tpD1/tpD2 
Order 
Code 
Package 
Operating 
Range 


74 
100 
7.5/8.5 
N85C224-7 
PLCC 
Commercial 


P85C224-7 
PDIP 


58.8 
62.5 
10 
N85C224-10 
PLCC 
Commercial 


P85C224-10 
PDIP 


ABELTM is a trademark 
of Data I/O Corporation. 


CUPLTM is a trademark 
of Logical 
Devices, 
Inc. 


'InteI386™, 
i486™, 
i860™ 
and PLDshell 
PIUS™ are trademarks 
of Intel Corporation. 
Log/ICTM 
is a trademark 
of ISDATA 
Corporation. 


PLDDesigner™ 
is a trademark 
of MINC, 
Inc. 
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ABSOLUTE 
MAXIMUM 
RATINGS· 


Supply Voltage 
(VCc>(1) 
- 2.0V to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
-2.0V 
to + 13.5V 


D.C. Input Voltage 
(VI)(1. 2) .•• 
-0.5V 
to Vcc 
+ 0.5V 


Storage Temperature 
(Tslg) 
- 65·C to + 150·C 


Ambient 
Temperature 
(Tamb)(3) 
-1 O·C to + 85·C 


NOTICE: This data sheet contains 
preliminary 
infor- 


mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Units 


Vcc 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vcc 
V 


Vo 
Output Voltage 
0 
Vcc 
V 


TA 
Operating 
Temperature 
0 
+70 
·C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Description 
Specification 


85C220-7 
85C220 


E>Ja-Junction-to-Ambient 
Thermal 
Resistance 
90·C/W-PLCC, 
PDIP 
65·C/W-PLCC. 
PDIP 


E>Jc-Junction-to-Case 
Thermal 
Resistance 
25·C/W-PLCC. 
PDIP 
20·C/W-PLCC, 
PDIP 


Process 
CHMOS 
III E, PX29.5 
CHMOS 
III E, PX29.5 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vcc 
+ 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
High Level Output Voltage 
2.4 
V 
I/O = -4.0 
mA D.C., Vcc = Min. 


VOL 
Low Level Output Voltage 
0.45 
V 
I/O = 24.0 mA D.C., Vcc = Min. 


II 
Input Leakage Current 
±10 
p.A 
Vcc = Max., GND < VIN < Vcc 


loz 
Output 
Leakage Current 
±10 
p.A 
Vcc = Max., GND < VOUT < Vcc 


IselS) 
Output Short Circuit Current 
-30 
-120 
mA 
Vcc = Max., VOUT = 0.5V 
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Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


Ice 
Power Supply Current 
60 
90 
mA 
Vcc = Max., VIN = VCC or GND, 


(PLCC) 
No Load, fiN = 25 MHz, Device 
Prog. as a-Bit Counter 


75 
105 
mA 
fiN = 74 MHz 


Power Supply Current 
75 
115 
mA 
Vce = Max., VIN = VCC or GND, 


(PDIP) 
No Load, fiN = 25 MHz, 
Device Prog. as a-Bit Counter 


94- 
135 
mA 
fiN = 74 MHz 


NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.C. input is -0.5V. 
During transitions, the inputs may undershoot to - 2.0V or overshoot to +7.0V for periods 


of less than 20 ns under no load conditions. 
3. Under bias. 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 


TO TEST 
SYSTEM 


(INCLUDESJIG 
CAPACITANCE) 


3.0Y 


eLK 


OY 


3.0V 


INPUTS 
(SETUP 
AND 
HOLD) 


OV 3<-,,~~,~, 
->K_1._5Y 
_ 


---------1-1-.5 .. 
*~-_:~-_-=-~:--~~T_E-S~T~P~O_I-N~TS~~= 


290417-9 


A.C. Testing: Inputs (including CLK) are driven at 3.0V for a Logic "1" and OV for a Logic "0". Setup and hold input 
measurements relative to CLK are made at 1.5V on CLK (Iow-to-high transition). Input and Output transitions are mea- 
sured at 1.5V. Device input rise and fall times are less than 3 ns. 
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Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
4 
6 
pF 
VIN = OV, f = 1.0 MHz 


CIO 
I/O Capacitance 
5 
8 
pF 
VOUT = OV, f = 1.0 MHz 


CClK 
ClK 
Capacitance 
6 
8 
pF 
VOUT = OV, f = 1.0 MHz 


Cvpp 
Vpp Pin Capacitance 
8 
10 
pF 
Vppon 
Pin 11/13, 
f = 1.0 MHz 


NOTE: 
6. These 
values 
are evaluated 
during initial characterization 
and whenever 
design 
modifications 
occur that may affect 
capac- 
itance. 


85C220-7/85C224-7 
85C220·1 O/85C224·1 
0 


Symbol 
Parameter 
Units 


Min 
Typ 
Max 
Min 
Typ 
Max 


tPD1(8) 
Input or I/O to Output Valid, Invert On 
3 
7.5 
3 
10 
ns 


tpD2(8) 
Input or I/O to Output Valid, Invert Off 
3 
8.5 
3 
10 
ns 


tpZX(9) 
Input or I/O to Output Enable 
3 
9 
3 
10 
ns 


tpXZ(9) 
Input or I/O to Output Disable 
3 
9 
3 
10 
ns 


NOTES: 
7. Typical 
values 
are at TA = + 2SoC, Vcc = SV. 
8. Measured 
with all eight outputs 
switching. 
9. tpzx 
and tpxz 
are measured 
at ± O.SV from 
steady 
state 
voltage 
as driven 
by spec. 
output 
load. tpxz 
is measured 
with 
CL = S pF. 
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85C220-7/85C224-7 
85C220-10/85C224·10 


Symbol 
Parameter 
Units 


Min 
Typ 
Max 
Mln 
Typ 
Max 


fCNT1(8) 
Max. Counter 
Frequency, 
90 
74 
74 
58.8 
MHz 


1/(tsu + tC)-External 
Feedback 


fCNT2(8) 
Max. Counter 
Frequency, 
110 
100 
80 
60.6 
MHz 


1/tCNT-lnternal 
Feedback 


fMAX(8) 
Max. Frequency, 
1/tep- 
110 
100 
80 
62.5 
MHz 


No Feedback 
(Pipelined) 


tsu 
- 
Input or I/O Setup Time to ClK 
7 
10 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
0 
ns 


te01(8) 
ClK 
High to Output Valid 
3 
6.5 
3 
7 
ns 


tC02 
ClK 
High to Output Valid Fed 
4.5 
11 
4.5 
13 
ns 


through 
Combinatorial 
Macrocell 


teNT(8) 
Macrocell 
Output 
Feedback 
to 
10 
16.5 
ns 


Macrocellinput-internal 
Path 


tel 
ClK 
low 
Time 
4 
7 
ns 


teH 
ClK 
High Time 
4 
7 
ns 


tep 
ClK 
Period 
10 
16 
ns 


INPUT 
OR tlo 
\/ 
J\ 


!Po 


COIllBINATORIAL 
OUTPUT 
\//\ 


!pxz 


HIGH 
IMPEDANCE 


COWBINATORIAl 
OR 
3-STATE 


REGISTERED 
OUTPUT 


!Pzx 


HIGH 
'WPEOANCE 


3-STATE 


•• 
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(FRON 
RECISTER 
CLOCK 


THROUGH 
ADDITIONAL 


COMBINATORIAL 
OUTPUT) 


ESD 
PROTECTION 


INPUT 
PIN 
FEEDBACK 
PRELOAD 


AND 
PROGRAtol/ 


VERIFY 
CIRCUITS 
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5AC312 
1-MICRON CHMOS 12-MACROCELL EPLD 
• High-Performance LSI Semi-Custom 
• P.ogrammable Output Registers 
Logic Alternative for Low-End Gate 
Configurable as D, T, JK, or SR Types 
Arrays, TTL, and 74HC- or 74HCT SSI 
• Dual Feedback on All Macrocells for 
and MSI Logic, and PLDs 
Implementing Buried Registers with 
• High Speed tpD 25 ns, 66 MHz 
Bidirectional I/O 


Performance Pipelined, 33.3 MHz 
• 2 P-Terms on All Macrocell Control 
w/Feedback 
Signals 
• 12 Macrocells with Programmable 110 
• Programmable Low-Power Option for 
Architecture; Up To 22 Inputs (10 
Standby Operation; 100 /-LATypical 
Dedicated, 12 I/O) 
Standby Current 
• 8 Programmable Inputs Configurable as 
• UV Erasable (CerDIP) EPROM 
Latches, Registers, or Flow-Through 
Technology or OTP 
• Flow-Through Input or Global CLK Pin; 
• 100% Generically Tested EPROMLogic 
1 Flow-Through Input or GloballLE/ 
Control Array 
ICLK Pin 
Programmable Security Bit Allows 
Programmable AND, Allocatable OR 
• 
• 
100% Protection of Proprietary Designs 
Design Allows up to 16 P-Terms per 
• Available in 24-Pin 300-mil CerDIP/PDIP 
Macrocell 
and 28-Pin PLCC Packages 
• Software-Supported P-Term Allocation 
(See 
Packaging 
Spec., 
Order 
Number 
240800, 
Package 
Type 
Between Adjacent Macrocells 
D, P and N) 


CLK/INPI 


1/0.11 


LINPI 


L1NP2 


L1NP3 


L1NP4 


LINP5 


L1NP6 


L1NP7 


L1NP8 


1/0.1 


GND 


Vee 
1/0.12 


1/0.9 


1/0.10 


1/0.7 


1/0.8 


1/0.6 


1/0.5 


1/0.4 


1/0.3 


1/0.2 


ILE/ICLK/INP2 


L1NP2 


L1NP3 


L1NP4 


L1NP5 


L1NP6 


L1NP7 


N.C. 


1/0.10 


1/0.7 


1/0.8 


NSAC312 
1/0.6 


1/0.5 


1/0.4 


N.C. 


int'el.. 


The 
Intel 
5AC31? 
CHMOS 
EPLD 
(Erasable 
Pro- 
grammable 
Logic 
Device) 
represents 
an innovative 
approach 
to overcoming 
the 
primary 
limitations 
of 
standard 
PLDs. Due to a proprietary 
I/O architecture 
and macrocell 
structure, 
the 5AC312 
is capable 
of 


implementing 
high performance 
logic functions 
more 
effectively 
than 
previously 
possible. 
It can be used 
as an alternative 
to 
low-end 
gate 
arrays, 
multiple 
programmable 
logic devices 
or LS-, HC- or HCT SSI 
and MSI logic devices. 
Input and macrocell 
features 
for the 5AC312 
are a superset 
of features 
offered 
by 


other 
PLD-type 
products. 


The 5AC312 
uses advanced 
CHMOS 
EPROM 
cells 


as logic control 
elements 
instead 
of poly-silicon 
fus- 


es. This technology 
allows the 5AC312 to operate 
at 
levels necessary 
in high performance 
systems 
while 


significantly 
reducing 
the 
power 
consumption. 
Its 


programmable 
stand-by 
function 
reduces 
power 


consumption 
to almost 
"zero" 
in applications 
where 


a slight speed 
loss is traded 
for power savings. 


The architecture 
of the 5AC312 
is based on the fa- 


miliar "Sum-Of-Products" 
programmable 
AND, fixed 


OR 
structure, 
though 
the 
5AC312 
macrocell 
con- 


tains 
a number 
of 
significant 
functional 
enhance- 
ments. 
This 
device 
can 
implement 
both 
combina- 
tional 
and 
sequential 
logic 
functions 
through 


a highly 
flexible 
macrocell 
and 
I/O 
structure. 
The 


5AC312 
has been designed 
to effectively 
implement 


both 
combinational-register 
and 
register-combina- 


tional-register 
forms of logic to easily accommodate 


state machine 
designs. 


Figure 2 shows 
a global 
view of the 5AC312 
archi- 


tecture. 
The 5AC312 
contains 
a total of 121/0 
mac- 


rocells, 
8 user-programmable 
input structures, 
and 2 


additional 
inputs 
that can be programmed 
to serve 


as either combinatorial 
inputs or clock 
inputs. 
Each 


of the eight inputs can be individually 
configured 
as 


a latch, register, or flow-through 
input. Input latches/ 
registers 
can 
be synchronously 
or asynchronously 


clocked. 


Each macrocell 
is further 
sub-divided 
into 16 Prod- 


uct Terms 
with 
8 Product 
Terms 
dedicated 
to the 


control 
signals 
DE, 
PRESET, 
ASYNCH. 
CLK 
and 


CLEAR, 
and 8 Product 
Terms 
available 
for the gen- 


eral data array (see Figure 3). 


The basic macrocell 
architecture 
of the 5AC312 
in- 


cludes 
a user-programmable 
AND array and a user- 


configurable 
OR array. The 
inputs 
to the program- 


mable 
AND 
array originate 
from 
the true and com- 


plement 
signals from the programmable 
input struc- 
ture, 
the 
dedicated 
inputs, 
and 
the 
24 
feedback 


paths from the 12 I/O macrocells. 


Figure 4 shows a block diagram of the 5AC312 
input 


architecture. 
This 
device 
contains 
8 user-program- 
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RING 1 
1/0.1 
..------ 
I 
I 
GLOBAL 
I 
CLK/INP1 
I 
CLOCK 
I 
I 
1/0.2 
r------ 
I 
I 
I 
I 
LOGICARRAY 
I 
L1NP1 


L ______ 


1/0.3 
I 
I 
I-, 
I 
I 


1/0.4 
LINP2 
,------ 
I 
I 
I 
• 


I 
I 
L1NP3 
L ______ 


1/0.5 
I 
I 
I 
I 
I 
I 
L1NP4 
.------ 
1/0.6 


LINP5 
,.------ 
1/0.7 


I 
I 
I 
I 
I 
L1NP6 
I 
1/0.8 
r------ 
I 
I 
I 
I 
I 
L1NP7 
L ______ 


1/0.9 
I 
I 
I-, 
I 
I 
1/0.10 
. 
L1NP8 
,------ 
I 
I 
I 
I 
I 


ILE/ICLK/INP2 
L ______ 
1/0.11 
I 
I 
I 
I 
I 
I.._----- 
1/0.12 


RING2 


290156-3 


Figure 2. 5AC312 Architecture 
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LOGIC ARRAY 
TO NEXT 
rROM 
NEXT 
MACROCELL 
MACROCELL 


OUTPUT 
ENABLE 


ASYNCH. 
PRESET 


"1\C 
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CD 
~ 
CIl 
OUTPUT 
• 
MUX 
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N 
III 
UI 
I}> 
DI 
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..• 
III 
O/T 
0 
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MACROCELL 
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REGISTER 
~ 


DI 
N 
()..•0 
() 
~ 
CIl.• 
..• 
c: 
().• 
c:..• 
CD 
ASYNCH. 


CLEAR 


TO PREVIOUS 
rROM 
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MACROCELL 
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P-TERM 
fROM 
LOGIC 
ARRAY 


SYNCH./ 
ASYNCH. 
SELECT 


NOTE: 
Software 
implements 
a direct 
(flow-through) 
input by selecting 
an asynchronous 
latch and tying its control 
P·term 
to Vcc. 


mabie 
input structures 
that can be individually 
con- 


figured 
to work in one of five modes: 


• 
Input register 
(O-register), 
synchronous 
operation 


• 
Input 
register 
(O-register), 
asynchronous 
opera- 


tion 


• 
Input latch (O-Iatch), 
synchronous 
operation 


• 
Input latch (O-Iatch), 
asynchronous 
operation 


• 
Flow-through 
input 


The configuration 
is accomplished 
through 
the pro- 


gramming 
of 
EPROM 
architecture 
control 
bits 
by 


the logic compiler 
and programmer 
software. 
If syn- 


chronous 
operation 
is chosen, 
the 
ILE/lCLK/INP 


becomes 
an 
ILE/ICLK 
(Input 
Latch 
Enable) 
input 


global to all input latch/register 
structures. 
For asyn- 


chronous 
operation, 
ILE/ICLK/INP 
can be used as a 


normal 
input (flow-through 
input) to the device while 


a separate 
Product Term in the control 
array is used 


to derive an input clock signal for the input structure. 
Because 
the 
clock 
signal 
for 
each 
input 
structure 


can be individually 
selected, 
a mix between 
synchro- 


nously and asynchronously 
clocked 
input structures 


is also possible. 


•• 
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Each 
of 
12 macrocells 
in the 
5AC312 
contains 
8 
p-terms 
(Product 
Terms) 
to support 
logic functions. 


These 
8 p-terms 
are subdivided 
into 2 groups 
each 


containing 
4 p-terms. 
This grouping 
of p-terms 
sup- 


ports the proprietary 
p-term allocation 
scheme. 


Register Configuration 


Each macrocell 
can be configured 
as a D, T, RS, or 


JK register. 
The 8 p-terms 
for control 
functions 
are 


organized 
so that 2 p-terms 
support 
each of the four 


control 
signals. 
Control 
signals 
in the 5AC312 
are: 


Output 
Enable 
(DE), asyn~hronous 
I/O register 
pre- 


set (PRESET), 
asynchronous 
clock for I/O registers 


(ASYNCH. 
ClK), 
and asynchronous 
I/O register 
re- 


set (CLEAR). Availability 
of 2 p-terms per control 
sig- 


nal is another 
feature that increases 
the efficiency 
of 


the device 
by reducing 
the need to use intermediate 


macrocells 
sometimes 
needed 
to implement 
control 


functions. 


ClK 
is a global 
clock 
signal 
that 
can 
be used 
to 


synchronously 
clock any or all macrocell 
registers. 
It 


can 
be used 
as an input 
to the 
logic 
array 
at the 


same 
time as a macrocell 
clock. 
When 
ClK 
is not 


used as a synchronous 
clock, 
it functions 
only as a 
dedicated 
input to the logic array. 


Combinatorial 
Configuration 


The 
macrocell 
register 
can 
be bypassed 
to imple- 
ment combinatorial 
logic functions. 
When configured 


to provide 
combinatorial 
logic, 
only the DE control 
signal is used. 


An invert 
select 
EPROM 
bit is used 
to invert 
the 


product 
term 
input into each 
macrocell 
register, 
in- 
cluding 
double 
inputs on JK and SR registers. 
This 


invert option 
allows the highest possible 
logic utiliza- 


tion by use of DeMorgan's 
logic inversion. 


Each intersecting 
point in the logic array contains 
a 


programmable 
EPROM 
connection. 
Initially 
(erased 


state), 
all connections 
are complete, 
i.e., both true 


and complement 
states of all signals are connected 


to each p-term. 


Connections 
are opened 
during programming. 
When 


both the true and complement 
connections 
exist, a 


logical false results on the output of the AND gate. If 
both the true and complement 
connections 
of a sig- 


nal 
are 
programmed 
"open", 
then 
a logic 
"don't 


care" 
results 
for that signal. 
If all connections 
for a 


p-term are programmed 
open, then a logical true re- 


sults on the output 
of the AND gate. 


Product 
Term 
allocation 
is defined 
as taking 
logic 


resources 
(p-terms) 
away 
from 
macrocells 
where 


they are not used to support 
demand 
for more than 


8 Product 
Terms 
in other 
areas 
of the chip. 
In the 


5AC312, 
this allocation 
can occur in increments 
of 4 


p-terms 
between 
adjacent 
macrocells. 


The 
12 
macrocells 
available 
in the 
5AC312 
are 


grouped 
into two "rings" 
with 6 macrocells 
per ring. 


Product 
Terms 
can be allocated 
in a "shift 
register" 


mode inside a ring; allocation 
of Product 
Terms 
be- 


tween 
the rings is not supported. 
The two rings are 


shown 
in Figure 2 and listed in Table 
1. 


Example: 


The 
logic 
function 
in 
macrocell 
4 
requires 
16 


p-terms. 
In this case, the iPlS 
II software 
allocates 
4 


p-terms from the previous 
macrocell 
in Ring 1 (mac- 


rocell 
3) and 4 p-terms 
from 
the 
nex1 macrocell 
in 


Ring 
1 (macrocell 
5) to accumulate 
a total 
of 
16 


p-terms 
(8 + 4 + 4). This 
implementation 
leaves 


macrocells 
3 and 5 with 
a remainder 
of 4 p-terms 


each. These 
remaining 
p-terms 
in macrocells 
3 and 


5 can also be allocated 
away to or can be supple- 


mented 
with p-terms 
from their respective 
previous/ 


next macrocells 
in Ring 1. 


Applying 
this 
scheme 
to 
the 
5AC312 
it becomes 


clear that any macrocell 
inside the device 
can sup- 


port 
logic 
functions 
requiring 
between 
0 
and 
16 


Product 
Terms. 
Product 
Terms 
allocated 
away from 


a macrocell 
do 
not 
affect 
that 
macrocell's 
output 


structure. 
If all Product 
Terms 
are allocated 
"away" 


from 
a macrocell, 
the input to that 
macrocell's 
I/O 


control 
block 
is tied 
to GND. 
This 
polarity 
can 
be 


changed 
by programming 
the invert 
select 
EPROM 


bit. The I/O register as well as all secondary 
controls 
to this I/O control 
block are still available 
and can be 


used if needed. 
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The 
Product 
Term 
allocation 
scheme 
described 
above is automatically 
supported 
by iPLS II V2.0 and 
is transparent 
to the user. Users can still use explicit 
pin assignments, 
but should 
assign 
pins 
in a way 
that 
does 
not conflict 
with 
p-term 
allocation. 
Soft- 


ware 
support 
allows 
the control 
signals 
on macro- 
cells to be used to implement 
simple logic functions 
even when all the input p-terms 
have been allocated 
to adjacent 
macrocells. 


Ring 1 
Ring 2 


Current 
Next 
Previous 
Current 
Next 
Previous 


Macro- 
Macro- 
Macro- 
Macro- 
Macro- 
Macro- 


cell 
cell 
cell 
cell 
cell 
cell 


1 
2 
6 
7 
8 
12 


2 
3 
1 
8 
9 
7 


3 
4 
2 
9 
10 
8 


4 
5 
3 
10 
11 
9 


5 
6 
4 
11 
12 
10 


6 
1 
5 
12 
7 
11 


p- TERMS 
AllOCATED 
TO 
MACROCELl ,I. 
(NEXT 
IllACROC(lL 
IN RING) 


UPPER HALF' 
P-T£Rl.lS 
ALLOCATED TO 


p- TERMS 5-8 
•••••.CROCEll 
114- 


(PREVIOUS 
MACROCEll 
IN RING) 


• 
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Macrocell 
output 
can be fed back to the logic array 
on either 
one of the two feedback 
paths. 
If the pin 


feedback 
is used (connected 
after the output buffer), 


bidirectional 
I/O can be implemented. 
If the internal 


feedback 
path is used to implement 
a buried register 


or buried logic function, 
the pin feedback 
is still avail- 


able for use as an input. The availability 
of dual feed- 
backs on the 5AC312 
enhances 
resource 
efficiency 


over single feedback 
devices. 


The 5AC312 
contains 
a programmable 
bit, the Turbo 


Bit, that optimizes 
operation 
for speed 
or for power 


savings. 
When 
the Turbo 
Bit is programmed 
(TUR- 


BO = 
ON), 
the 
device 
is optimized 
for maximum 


speed. 
When 
the 
Turbo 
Bit 
is 
not 
programmed 


(TURBO 
= OFF), the device 
is optimized 
for power 


savings 
by entering 
standby 
mode during periods 
of 


inactivity. 


FIRST t 
INPUT 
OR I/O 
__ 
---" 


LAST 
INPUT 
OR I/O 


Figure 
6 shows 
the device 
entering 
standby 
mode 


approximately 
100 ns after the last input or I/O tran- 


sition. 
When 
the 
next input 
or I/O 
transition 
is de- 


tected, 
the device 
returns 
to active 
mode. 
Wakeup 


time 
adds 
an additional 
20 ns to the 
propagation 


delay through 
the device 
as measured 
from the first 


transition. 
No delay will occur 
if an output 
is depen- 


dent on more than one input and the last of the in- 
puts changes 
after the device 
has returned 
to active 


mode. 


After erasure, the Turbo Bit is unprogrammed 
(OFF); 


automatic 
standby 
mode is enabled. 
When the Tur- 


bo Bit is programmed 
(ON), the device 
never enters 


standby 
mode. 


Macrocell 
registers 
of the 5AC312 
experience 
a re- 


set to their inactive 
state (logic low) upon Vcc 
pow- 


er-up. Using the PRESET function 
available 
to each 


macrocell, 
any 
particular 
register 
preset 
can 
be 


achieved 
after power-up. 
5AC312 
inputs and outputs 


begin 
responding 
within 
10 /Ls (6 /Ls typical) 
after 


Vcc 
power-up 
or after 
a power-Ioss/power-up 
se- 


quence. 
Input registers 
are not reset 
on power-up 


and are indeterminate. 
Input latches 
reflect 
the state 


of the input pins on power-up. 


ACTIVE tolODE 


lee 


int'eL 
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After 
erasure 
and prior to programming, 
all macro- 


cells 
are configured 
as combinatorial, 
inverted 
out- 


puts with output buffers three-stated. 
Inputs are con- 


figured 
as synchronous 
registers. 


Erasure 
time 
for 
the 
5AC312 
is 1 hour 
at 


12,000 
JJ-W/cm2 with a 2537A 
UV lamp. 


Erasure 
characteristics 
of the device 
are such that 


erasure 
begins to occur 
upon exposure 
to light with 


wavelengths 
shorter 
than 
approximately 
4000A. 
It 


should 
be noted 
that 
sunlight 
and certain 
types 
of 


fluorescent 
lamps 
have wavelengths 
in the 3000A- 


4000A 
range. Data shows that constant 
exposure 
to 


room level fluorescent 
lighting 
could erase the typi- 


cal 5AC312 
in approximately 
six years, while it would 


take 
approximately 
two weeks 
to erase 
the device 


when 
exposed 
to direct 
sunlight. 
If the device 
is to 


be exposed 
to these lighting conditions 
for extended 


periods 
of time, conductive 
opaque 
labels should be 


placed 
over the device 
window 
to prevent 
uninten- 


tional erasure. 


The 
recommended 
erasure 
procedure 
for 
the 


5AC312 
is exposure 
to 
shortwave 
ultraviolef 
light 


with 
a wavelength 
of 2537 A. The 
integrated 
dose 


(i.e., 
UV 
intensity 
x 
exposure 
time) 
for 
erasure 


should 
be a minimum 
of forty 
(40) Wsec/cm2. 
The 


erasure 
time 
with 
this 
dosage 
is approximately 
1 


hour 
using 
an 
ultraviolet 
lamp 
with 
a 


12,000 
JJ-W/cm2 power rating. The device should be 


placed 
within 
1 inch of the lamp tubes 
during expo- 


sure. 
The 
maximum 
integrated 
dose 
the 
5AC312 


can 
be 
exposed 
to 
without 
damage 
is 


7258 
Wsec/cm2 
(1 week at 12,000 JJ-W/cm2). 
Expo- 


sure to high intensity 
UV light for longer periods 
may 


cause permanent 
damage 
to the device. 


Intelligent 
Programming 
Algorithm 


The 
5AC312 
supports 
the 
Intelligent 
Programming 


algorithm 
which 
rapidly 
programs 
Intel PLDs, while 


maintaining 
a high degree 
of reliability. 
This method 


ensures 
reliability 
as the incremental 
program 
mar- 
gin of each bit has been verified 
in the programming 


process. 
(Programming 
information 
for the 5AC312 


is available 
from Intel by request.) 


A Security 
Bit provides 
a programmable 
security 
op- 


tion to protect 
the data programmed 
in the device. 


Once this bit is set during programming, 
subsequent 


attempts 
to read the device architecture 
information 


are prevented. 
This 
method 
provides 
a higher 
de- 


gree 
of 
design 
security 
than 
fuse-based 
devices, 


since 
programmed 
EPROM 
cells 
are invisible 
even 


to microscopic 
examination. 
The Security 
Bit (also 


called the Verify Protect 
Bit), along with all the other 


EPROM 
cells, is reset by erasing 
the device. 


All of the 
input, 
1/0, 
and clock 
pins of the device 


have been designed 
to resist latch-up which is inher- 
• 


ent in inferior 
CMOS 
structures. 
The 5AC312 
is de- 


signed 
with 
Intel's 
proprietary 
1-micron 
CHMOS 


EPROM 
process. 
Thus, each of the pins will not ex- 


perience 
latch-up 
with currents 
up to ± 100 mA and 


voltages 
ranging 
from 
-0.5V 
to (Vcc + 0.5V). The 


programming 
pin is designed 
to resist latch-up 
to the 


13.5 maximum 
device 
limit. 
. 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins be constrained 
to the voltage 


range 
(GND 
< (VIN or VOUT) < VCC. All unused 


inputs 
and II0s 
should 
be tied to Vcc 
or GND to 


minimize 
power 
consumption 
(do 
not 
leave 
them 


floating). 
A power 
supply decoupling 
capacitor 
of at 


least 
0.2 JJ-Fmust 
be connected 
directly 
between 


each Vcc and GND pin. 


As with all CMOS devices, 
ESD handling 
procedures 


should be used with the 5AC312 
to prevent 
damage 


to the 
deVice 
dUring 
programming, 
assembly, 
and 


test. 


Since 
the 
logical 
operation 
of the 
5AC312 
is con- 


trolled 
by EPROM elements, 
the device is complete- 


ly testable 
during 
the manufacturing 
process. 
Each 


programmable 
EPROM 
bit controlling 
the 
internal 


logic 
is tested 
using 
application-independent 
test 


patterns. 
EPROM 
cells 
in the 
5AC312 
are 
100% 


tested for programming 
and erase. After testing, 
the 


deVices are erased before shipments 
to the custom- 


ers. No post-programming 
tests of the EPROM array 


are required. 


infel· 


The testability and reliability of EPROM-based pro- 
grammable logic devices are important features over 
similar devices based on fuse technology. Fuse- 
based programmable logic devices require a user to 
perform post-programming tests to insure device 
functionality. 
During the 
manufacturing 
process, 


tests on these parts can only be performed in very 
restricted manners to prevent pre-programming of 
the array. 


INTEL 
PROGRAMMABLE 
LOGIC 
SOFTWARE 
SUPPORT 


Full logic compilation and functional simulation for 
the 5AC312 is supported by PLDshell Plus™ soft- 
ware. The GUPI Logic-liD provides programming 
support on Intel programmers. 


PLDshell Plus design software is Intel's new, user- 
friendly design tool for /LPLD design. PLDshell Plus 
allows users to incorporate their preferred text edi- 
tor, programming software, and additional design 
tools into a easy-to-use, menued design environ- 
ment that includes Intel's PLDasm™ logic compiler 
and simulation software along with disassembly, 
conversion and translation utilities. The PLDasm 
compiler and simulator software accepts industry- 
standard PDS source files that express designs as 
Boolean equations, truth tables, or state machines. 
On-line help, datasheet briefs, technical notes, and 
error message information, along with waveform 
viewing/printing capability make the design task as 
easy as possible. PLDshell Plus software is available 
from Intel Literature channels or from your local Intel 
sales representative. 


Tools that support schematic capture and timing 
simulation for the 5AC312 are available. Support un- 
der iPLS II is still available. Please refer to the "De- 
velopment Tools" section of the Programmable Log- 
ic handbook. 


The 5AC312 is also supported by third-party logic 
compilers such as ABEL', 
CUPL', 
PLDesigner', 


Log/IC', 
etc. Programming support is provided by 


third-party programmer companies such as Data 
I/O, Logical Devices, STAG, etc. Please refer to the 
"Third-Party Support" 
lists in the 
Programmable 


Logic handbook for complete information and ven- 
dor contacts. 


tpD teo 
'MAX 
Order 
Package Operating 


(n8) (n8) (MHz) 
Code 
Range 


25 
15 
66 
D5AC312-25 tCERDIP Commercial 


P5AC312-25 PDIP 


N5AC312-25 PLCC 


30 
18 
50 
D5AC312-30 tCERDIP Commercial 


P5AC312-30 PDIP 


N5AC312-30PLCC 


PLDshell 
PIUSH.l is a trademark 
of Intel Corporation 


"ABEL 
is a trademark 
of Data 
110, Corporation. 
CUPL 
is a trademark 
of Logical 
Devices, 
Inc. PLDesigner 
is a trademark 
of 


MINC, 
Inc. LogicllC 
is a trademark 
of ISDATA, 
Inc. 


int:el. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Supply Voltage 
(Vce) (1) 
- 2.0V to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp) (1) 
-2.0V 
to + 13.SV 


D.C. Input Voltage 
(VI)(I, 2) 
- O.SV to Vee + O.SV 


Storage Temperature 
(Tstg) 
- 6S·C to + 1S0·C 


Ambient 
Temperature 
(Tamb) (3) .. -1 O·C to + 8S·C 
NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.C. input is -0.5V. During transitions, the inputs may undershoot to -2.0V or overshoot to +7V for periods of 
less than 20 ns under no load conditions. 
3. Under bias. Extended temperature range versions are available. 


Symbol 
Parameter 
Mln 
Max 
Unit 


Vec 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vcc 
V 


Vo 
Output Voltage 
0 
Vce 
V 


TA 
Operating Temperature 
0 
+70 
·C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Description 
Specification 


0Ja-Junction-to-Ambient 
Thermal 
Resistance 
47·C/W-CerDIP 
47"C/W-PDIP 
47"C/W-PLCC 


0Jc-Junction-to-Case 
Thermal 
Resistance 
16·C/W-CerDIP 
16·C/W-PDIP 
16·C/W-PLCC 


Ice Hot-Ambient 
@70·C 
80mA 


Ice Typical-Ambient 
@2S·C 
, 


80mA 


Process 
CHMOS 
IIIE, PX29 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vcc + 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH(5) 
High Level Output Voltage 
2.4 
V 
10 = -4.0 
mA D.C.•Vcc = min. 


VOL 
Low Level Output Voltage 
0.45 
V 
10 = 8.0 mA D.C., Vec = min. 


II 
Input Leakage Current 
±10 
/LA 
Vcc = max., GND < VIN < Vcc 


loz 
Output Leakage Current 
±10 
/LA 
Vcc = max., 
GND < VOUT < Vcc 


Isd6) 
Output Short Circuit Current 
-30 
-90 
mA 
Vcc = max.: VOUT = 0.5V 


Iss(7) 
Standby Current 
100 
300 
/LA 
Vcc = max., VIN = Vcc or GND, 
Standby Mode 


• 


int:el. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test 
Conditions 


Ice 
Power 
Supply 
Current 
10 
mA 
Vee 
= 
max., 
(See 
Ice vs Freq. 
Graph) 
VIN = 
Vee 
or GND, 


No Load, 
Input 
Freq. 
= 
1 MHz 


Active 
Mode 
(Turbo 
= 
Off), 


Device 
Prog. 
as 12-Bit 
Ctr. 


NOTES: 
4. Absolute 
values 
with respect 
to device 
GND; all over and undershoots 
due to system 
or tester 
noise are included. 
Do not 


attempt 
to test these 
values 
without 
suitable 
equipment. 


5.10 
at CMOS 
levels 
(3.84V) = -2 
mA. 


6. Not more than 
1 output 
should 
be tested 
at a time. Duration 
01 that test must not exceed 
1 second. 
7. With Turbo 
Bit Off, device 
automatically 
enters 
standby 
mode approximately 
100 ns after last input transition. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
8 
pF 
VIN = OV, I = 
1.0 MHz 


COUT 
I/O Capacitance 
15 
pF 
VOUT = OV, 1= 
1.0 MHz 


CCLK 
ILE/ICLK/INP2 
Capacitance 
12 
pF 
VIN = OV, 1= 
1.0 MHz 


Cvpp 
Vpp Pin (CLK/INP1) 
25 
pF 
VIN = OV, 1= 
1.0 MHz 


3.0~20 
~ 
.> 
TEST POINTS < . 
o 
0.8 
0.8 


TO TEST 
SYSTElol 


(INClUOES 
JIG 
CAPACITANCE) 


l~-TEST 
POINTS-~ 


290156-8 


A.C.Testing: 
Inputs 
are driven 
at 3.0V for a logic 
"1" and OVfor 


a Logic "0". Timing 
Measurements 
are made 
at 2.0V for a Logic 


"1" 
and O.BV for a logic 
"0" 
on inputs. 
Outputs 
are measured 
at 


a 1.5V point. 
Device 
input 
rise and fall times 
< 6 ns. 


5AC312·25 
5AC312·30 
Non-(10) 
Symbol 
From 
To 
Turbo 
Unit 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


tpD 
Input or I/O 
Comb. Output 
20 
25 
25 
30 
+20 
ns 


tpZX(9) 
Input or 1/0 
Output 
Enable 
20 
25 
25 
30 
+20 
ns 


tpXZ(9) 
Input or I/O 
Output 
Disable 
20 
25 
25 
30 
+20 
ns 


tClR 
Asynch. 
Reset 
QReset 
20 
25 
25 
30 
+20 
ns 


tSET 
Asynch. 
Set 
QSet 
20 
25 
25 
30 
+20 
ns 


NOTES: 
8. Typical 
values 
are at TA = 25"C, Vcc = 5V, Active 
Mode. 


9. tpzx 
and tpxz 
are measured 
at 
±0.5V 
Irom 
steady-state 
voltage 
as driven 
by spec. 
output 
load. tpxz 
is measured 
with 


Cl = 5 pF. 
10. II device 
is operated 
with Turbo 
Bit Off (Non-Turbo 
Mode) 
and the device 
has been 
inactive 
lor approximately 
100 ns, 


increase 
time by amount 
shown. 


int'el. 


SYNCHRONOUS 
CLOCK 
MODE (MACROCELLS) 
A.C. CHARACTERISTICS 


TA = O°C to + 70°C, VCC = 5.0V ± SOlo, Turbo 
Bit On(8) 


5AC312-30 
Non-(10) 


5AC312·25 
Turbo 
Unit 
Symbol 
Parameter 


Mln 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fMAX 
Max. Frequency 
(Pipelined) 
80 
66 
66 
50 
MHz 


1/tsu-No 
Feedback 


fCNT1 
Max. Count Frequency 
40 
33.3 
33 
26.3 
MHz 


1/(tsu + teO)-External 
Feedback 


fCNT2 
Max. Count Frequency 
40 
33.3 
35 
28.5 
MHz 


1/tCNT-lnternal 
Feedback 


tSU1 
Input Setup Time to ClK t 
15 
12 
20 
18 
+20 
ns 


tSU2 
I/O Setup Time to ClK t 
15 
12 
20 
18 
+20 
ns 


tH 
I or 1/0 Hold after ClK t 
0 
0 
ns 


tea 
ClK t to Output Valid 
10 
15 
12 
18 
ns 


teNT 
Macrocell 
Output 
Feedback 
25 
30 
30 
35 
+20 
ns 


to Macrocellinput-internal 
Path 


tCH 
ClK 
High Time 
7 
9 
ns 


teL 
ClKlowTime 
7 
9 
ns 


tew 
Minimum 
Clock Period 
15 
20 
ns 


SYNCHRONOUS 
CLOCK 
MODE (INPUT 
STRUCTURE) 
A.C. CHARACTERISTICS 


TA = O°C to + 70°C, VCC = 5.0V ± 5%, Turbo 
Bit On(8) 


5AC312-25 
5AC312·30 
Non-(10) 


Symbol 
Parameter 
Turbo 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fMAXI 
Max. Frequency 
(1/tCWI) 
80 
66 
66 
50 
MHz 


tSUIR 
Input Register/latch 
Setup Time 
5 
5 
ns 


before 
IlE/IClK 
J. 


tESUI(11) 
Input latch 
Setup Time before 
IlE t 
5 
5 
ns 


tCOI 
IClK 
J. to Comb. Output 
30 
35 
35 
40 
+20 
ns 


tEal 
IlE t to Comb. Output 
30 
35 
35 
40 
+20 
ns 


tHI 
Input Hold after IClK/llE 
J. 
7 
10 
ns 


tEHI 
Input Hold after IlE J. 
7 
10 
ns 


teHI 
IlE/IClK 
High Time 
7 
9 
ns 


tClI 
IlE/IClK 
low 
Time 
7 
9 
ns 


teWI 
Minimum 
Input Clock Period 
15 
20 
ns 


NOTE: 
11. This specification 
must be met to guarantee 
tEal. When 
IlE 
goes high before 
data is valid. 
use tpD instead 
of tEal. 


• 


int:el. 


ASYNCHRONOUS 
CLOCK 
MODE INPUT STRUCTURE 
A.C. CHARACTERISTICS 


TA = o·e to +7o·e. vcc = 5.0V 
±5%. 
Turbo 
Bit On(6) 


5AC312-25 
5AC312·30 


Non-(10) 


Symbol 
Parameter 
Turbo 
Unit 


Mln 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fAMAXI 
Max. Frequency 
Input Register 
60 
66 
66 
50 
MHz 


1/ (tACLI + tACHI) 


tASUIA 
Input Register/latch 
Setup 
0 
0 
ns 


Time to Asynch. 
IlE/IClK 


tAESUI(11) 
Input latch 
Setup Time 
0 
0 
ns 


before Asynch. 
IlE 


tACOI 
Asynch. 
IClK 
to Comb. Output 
40 
46 
45 
55 
+20 
ns 


tAEOI 
Asynch. 
IlE t to Comb. Output 
40 
46 
45 
55 
+20 
ns 


tAHI 
Input Register/latch 
Hold 
20 
14 
25 
20 
+20 
ns 


after Asynch. 
IlE/IClK 


tAEHI 
Input Hold after Asynch. 
IlE 
20 
14 
25 
20 
ns 


tACHI 
Asynch. 
IClK 
High Time 
7 
9 
+20 
ns 


tACLI 
Asynch. 
IClK 
low 
Time 
7 
9 
+20 
ns 


tACWI 
Minimum 
Input Clock Period 
15 
20 
+20 
ns 


ASYNCHRONOUS 
CLOCK 
MODE MACROCELLS 
A.C. CHARACTERISTICS 


TA = o·e to +7o·e. VCC = 5.0V 
±5%. 
Turbo 
Bit On(6) 


5AC312·25 
5AC312-30 
Non·(10) 


Symbol 
Parameter 
Turbo 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fAMAX 
Max. Frequency 
(Pipelined) 
60 
66 
66 
50 
MHz 


l/(tACL 
+ tACH)-No 
Feedback 


fACNT1 
Max. Frequency 
35 
26.5 
33 
23.6 
MHz 


1/ (tASU + tACO)-External 
Feedback 


fACNT2 
Max. Frequency 
40 
33.3 
35 
30 
MHz 


l/tACNT-with 
Feedback 


tASU1 
Input Setup Time to 
10 
12 
+20 
ns 


Asynch. 
Clock 


tASU2 
I/O Setup Time to 
10 
12 
+20 
ns 


Asynch. 
Clock 


tAH 
Input or I/O Hold after 
5 
0 
5 
0 
ns 


Asynch. 
Clock 


tACO 
Asynch. 
ClK 
to Output Valid 
20 
25 
25 
30 
+20 
ns 


tACNT 
Register 
Output 
Feedback 
25 
30 
30 
35 
+20 
ns 


to Register 
Input- 


Internal 
Path 


tACH 
Asynch. 
ClK 
High Time 
7 
9 
+20 
ns 


tACL 
Asynch. 
ClK 
low 
Time 
7 
9 
+20 
ns 


tACW 
Minimum 
Asynch. 
ClK 
Period 
15 
20 
+20 
ns 


int'el.. 


INPUT -CLOCK- TO-MACROCELL-CLOCK 
A.C. CHARACTERISTICS 
TA = o·e to +7o·e, Vcc 
= 5.0V ± 5%, Turbo 
Bit On(8) 


5AC312-25 
5AC312-30 
Non·(10) 


Symbol 
Parameter 
Turbo 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


IclC2(12) 
Synchronous IlE/IClK 
to 
25 
30 
+20 
ns 


Synchronous Macrocell ClK 


Synchronous IlE/lClK 
to 
15 
18 
+20 
ns 


Asynchronous Macrocell ClK 


Asynchronous IlE/IClK 
to 
35 
40 
+20 
ns 


Synchronous Macrocell ClK 


Asynchronous IlE/IClK 
to 
25 
35 
+20 
ns 


Asynchronous Macrocell ClK 


NOTE: 
12. Times for SETUP, HOLD, and OUTPUT VALID are shown in previous tables. 


INPUT 
OR I/o 
\/ 
1\ 


_lpD 


\/ 


COlotBINATORlAl 
OUTPUT 
1\ 


IpxZ 


COlotBINATORIAl 
OR 
HIGH 
IlotPEDANCE 


REGISTERED 
OUTPUT 
3-STATE 


IpZX 


HIGH 
IlotPEDANCE 
VALID 
OUTPUT 
3-STATE 


_IAClR- 


I---tASET~ 


• 


NOTE: 
WHEN ILE GOES HIGH BEFORE DATA IS VALID, USE tpD 


INSTEAD OF tEOI. 


intei.. 


ASYNCH. 
ILE/CLK 
INPUT 


NOTE: 
WHEN ILE GOES HIGH BEFORE DATA IS VALID, USE tpD 
INSTEAD OF tAEOI. 


ASYNCH. 
CLOCK 
INPUT 


FLOW 
THROUGH 
INPUT 


• 


intel· 
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CLOCK, SETUP, HOLD, and OUTPUT VALID times are dependent on synchronous/asynchronous clocking and are 
listed in the specification tables. 


5AC312 Output 
Drive Current 
In Relation 
to Voltage 
5AC312 
Current 
In Relation 
to Frequency 


120 
110 
100 
90 
80 
i 
70 
_ 
60 
l:l 50 
40 
30 
20 
10 
- 
/ 


...•....•. 


........••.. 


I 
I 


TURBO 


_ 
• 
...f 
" 


~ 
NON-TURBO 


I 
I 


]: 
50 
-c 
20 
~ 
:l 
U 
10 
-:l~ 
5 
:l 
0 
~ 
2 


5 
10 
15 
20 
25 
30 
35 
40 


ICNT (104Hz) 


Conditions:TA ~ +2S'C, Vcc ~ S.2SV 
2901S6-20 


1 
o 
1 
2 
3 
~ 
5 


Vo Output Voltage (V) 


Conditions:TA ~ +2S'C 
290156-16 


8n. 
D: 6n. 
,., 
t:- 
o 
~ns 


'"• 
0 
0 2n. 
~ 
Ons 


30pF' 
70pF' 
110pF' 
150pF' 


Capacitance 


2-142 
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5AC324 
1-MICRON CHMOS 24-MACROCELL 
EPLD 


• 
High-Performance 
LSI Semi-Custom 
Logic Alternative 
to Low-end 
Gate 
Arrays, 
TTL, 74HC SSI and MSI Logic, 
and PLDs 


• 
High Speed tpD 25 ns, 66 MHz 
Performance 
Pipelined, 
33.3 MHz wI 
Feedback 


• 
24 Macrocells 
with Programmable 
I/O 
Architecture; 
Up to 36 Inputs (12 
Dedicated, 
24 I/O) 


• 
10 Programmable 
Inputs Configurable 
as Latches, 
Registers, 
or Flow-Through 


• 
1 Flow-Through 
Input or Global CLK 
Pin; 1 Flow-Through 
Input or Global 
ILEIICLK 
Pin 


• 
Programmable 
AND, Allocatable 
OR 
Design Allows 
up to 16 P-Terms 
per 
Macrocell 


• 
Software-Supported 
P-Term Allocation 
Between 
Adjacent 
Macrocells 


CLK/INPI 


L1NPI 


L1NP2 


1/0.1 


1/0.2 


1/0.3 


1/0.4 


GND 


1/0.5 


1/0.6 


1/0.7 


1/0.8 


Vee 


1/0.9 


1/0.10 


1/0.11 


1/0.12 


L1NP3 


L1NP4 


L1NP5 


L1NP10 


L1NP9 


L1NP8 


1/0.24 


1/0.23 


1/0.22 


1/0.21 


Vee 
1/0.20 


1/0.19 


1/0.18 


1/0.17 


GND 


1/0.16 


1/0.15 


1/0.14 


1/0.13 


L1NP7 


L1NP6 


ILE/ICLK/INP2 


• 
Programmable 
Output 
Registers 


Configurable 
as D, T, JK, or SR Types 


• 
Dual Feedback 
on All. Macrocells 
for 


Implementing 
Buried Registers 
with 


BidirectionalI/O 


• 
2 P-Terms 
on All Macrocell 
Control 


Signals 


• 
Programmable 
Low-Power 
Option for 


"Stand-by" 
Operation; 
150 JoLATypical 


Standby 
Current 


• 
UV Erasable 
(CerDIP) 
EPROM 
• 


Technology 
or OTP 


• 
100% Generically 
Tested 
EPROM 
Logic 


Control 
Array 


• 
JEDEC Pinout 


• 
Available 
in 40-pin CerDIP/PDIP 
and 


44-Pin PLCC Packages 


(see 
Packaging 
Spec., 
Order 
Number 
240600, 
Package 
Type 
0, 


P, and N) 


1/0.3 
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The Intel 5AC324 CHMOS EPLD (Erasable Pro- 
grammable Logic Device) is a high integration de- 
vice that overcomes the primary limitations of stan- 
dard PLDs. Due to a proprietary I/O architecture and 
macrocell structure, the 5AC324 is capable of imple- 
menting high performance logic functions more ef- 
fectively than previously possible. The 5AC324 can 
be used as an alternative to low-end gate arrays, 
multiple programmable logic devices, or LS-, HC-, or 
HCT SSI and MSI logic devices. Input and macrocell 
features for the 5AC324 are a superset of features 
offered on other PLD-type products. 


The 5AC324 uses advanced CHMOS EPROM cells 
as logic control elements instead of poly-silicon fus- 
es. This technology allows the device to operate at 
levels necessary in high performance systems while 
significantly reducing power consumption. Its pro- 
grammable standby mode reduces power to near 
zero in applications where a slight speed loss is trad- 
ed for power savings. 


The architecture of the 5AC324 is based on the fa- 
miliar "Sum-Of-Products" programmable AND, fixed 
OR structure. This structure is then surrounded by 
powerful, programmable macrocells and inputs. The 
5AC324 can implement both combinatorial and se- 
quential logic functions through a highly flexible 
macrocell and I/O structure. The architecture of the 
device supports both combinatorial-register and reg- 
ister-combinatorial-register forms of logic to easily 
accomodate state machine designs. 


Figure 2 shows a global view of the 5AC324 archi- 
tecture. The 5AC324 contains a total of 24 I/O pro- 
grammable 
macrocells, 
10 
programmable 
input 


structures, and two clock inputs that can be pro- 
grammed to function either as combinatorial inputs 
or clock inputs for the input structures and macro- 
cells. 


Each of the ten programmable inputs can be individ- 
ually configured as a latch, register or flow-through 


llACROCELLS 
1 THRU 12 
(RING 1) 


1/0.13 


1/0.14 


llACROCELLS 
13 THRU 24 
• 


(RING 2) 
•• 
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Figure 2. 5AC324 
Global Architecture 
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input. Input latches/registers 
can be synchronously 
or asynchronously 
clocked. 


Figure 3 shows the basic architecture 
of each of the 


24 macrocells 
in the 5AC324. 
Each macrocell 
con- 
tains 
16 p-terms 
(product 
terms), 
with 
8 p-terms 
available 
for the global array and 8 p-terms 
dedicat- 
ed to the four control 
signals: DE, PRESET, CLEAR, 


and 
ASYNCH. 
CLK. The 
8 p-terms 
from 
the 
logic 


array 
are organized 
as a user-programmable 
AND 


array and a user-configurable 
OR array. The inputs 


to the AND array originate 
from the true and comple- 
ment signals from the programmable 
input structure, 
the 
dedicated 
inputs, 
and 
the 
48 feedback 
paths 


from the 24 I/O 
macrocells 
to the global 
bus. This 


global 
bus simplifies 
designing 
with 
the 
device 
by 
eliminating 
the need to partition 
a circuit to fit into a 


local/global 
internal 
bus structure. 


Figure 4 shows a block diagram 
of the 5AC324 
input 
structure. 
The device 
contains 
10 user-programma- 


ble inputs that can be individually 
configured 
to oper- 


ate in one of five modes: 


• 
input register 
(D-register), 
synchronously 
clocked 


• 
input 
register 
(D-register), 
asynchronously 


clocked 


• 
input latch, (D-latch), 
synchronously 
clocked 


• 
input latch, (D-latch), 
asynchronously 
clocked 


• 
Flow-through 
input 


Configuration 
is accomplished 
through 
the program- 


ming of EPROM 
architecture 
control 
bits via the log- 


ic compiler 
and 
programmer 
software. 
If synchro- 
nous operation 
is selected, 
the ILE/lCLK 
pin is used 


as a global 
latch/clock 
to 
all input 
latch/register 


structures. 
For asynchronous 
operation, 
a separate 


product 
term in the array is used to derive 
the ILE/ 


ICLK signal 
for each 
input 
structure. 
Because 
the 


clock signal for each programmable 
input can be in- 


dividually 
selected, 
a mix 
between 
synchronously 


and asynchronously 
clocked 
inputs is possible. 
Soft- 


ware can configure 
each 
input 
structure 
as a flow- 


through 
input by selecting 
a latch and tying the ILE 


p-term 
to VCC. Data is latched/clocked 
on the fail- 
ing 
edge 
of 
ILE/ICLK 
(synchronous 
mode). 
ILE/ 


ICLK can function 
as an input to the logic array at 
the same time as it is used to synchronously 
clock 
the input registers. 


Each of the 24 macrocells 
in the device 
contains 
8 


p-terms 
to support 
logic functions 
and 8 p-terms 
for 


control 
signals. The 8 p-terms for logic functions 
are 


subdivided 
into 2 groups, 
each with 4 p-terms. 
This 


grouping 
of p-terms 
supports 
the proprietary 
p-term 


allocation 
scheme 
in the 
5AC324. 
Each 
macrocell 


also 
provides 
dual 
feedbacks 
to 
the 
logic 
array, 


which 
results 
in more efficient 
macrocell/pin 
usage 


than possible 
with single feedbacks. 


Register Configuration 


Each macrocell 
can be configured 
as a D, T, RS, or 


JK register. 
The 8 p-terms 
for control 
functions 
are 


organized 
so that 
2 p-terms 
support 
each 
of the 4 


control 
signals: 
Output 
Enable 
(DE), 
asynchronous 


I/O 
preset 
(PRESET), 
asynchronous 
I/O 
reset 


(CLEAR), 
and asynchronous 
I/O register 
clock 
(AS- 


YNCH. CLK). Availability 
of 2 p-terms 
per control 
sig- 


nal is another 
feature that increases 
the efficiency 
of 


the device by reducing 
the need to use intermediate 


macrocells 
sometimes 
needed 
to implement 
control 


functions. 


P-TERt.4 
fROt.4 LOGIC 


ARRAY 


SYNC./ 
ASYNCH. 
SELECT 


NOTE: 
Software 
implements 
a direct 
(flow-through) 
input by selecting 
an asynchronous 
latch and tying its control 
P-term 
to Vcc. 


Figure 4. 5AC324 
Programmable 
Input Structure 
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ClK 
is a global 
clock 
signal 
that 
can 
be used 
to 


synchronously 
clock 
any or all macrocell 
registers. 
When 
ClK 
is not used 
as a synchronous 
clock, 
it 


functions 
only as a dedicated 
input to the logic array. 
ClK 
can be used as an input to the logic array at the 


same time as it is used as a macrocell 
clock. 


Combinatorial 
Configuration 


The 
macrocell 
register 
can 
be bypassed 
to imple- 
ment combinatorial 
logic functions. 
When configured 


to provide 
combinatorial 
logic, 
only the OE control 


signal is used. 


An invert 
select 
EPROM 
bit is used 
to invert 
the 


product 
term 
input into each 
macrocell 
register, 
in- 


cluding 
double 
inputs on JK and SR registers. 
This 


invert option allows the highest possible 
logic utiliza- 


tion by use of DeMorgan's 
logic inversion. 


Each intersecting 
point in the logic array contains 
a 


programmable 
EPROM 
connection. 
Initially 
(erased 


state), 
all connections 
are complete, 
i.e., both true 


and complement 
states of all signals are connected 


to each p-term. 


Connections 
are opened 
during programming. 
When 


both the true and complement 
connections 
exist, a 


logical false results on the output of the AND gate. If 
both the true and complement 
connections 
of a sig- 


nal 
are 
programmed 
"open", 
then 
a logic 
"don't 


care" 
results 
for that signal. 
If all connections 
for a 


p-term are programmed 
open, then a logical true re- 


sults on the output 
of the AND gate. 


Product Term (p-term) allocation 
is defined 
as taking 


logic 
resources 
(p-terms) 
from 
macrocells 
where 


they are not used to support 
demand 
for additional 


p-terms 
in other 
macrocells. 
In the 5AC324, 
p-term 


allocation 
can occur 
in increments 
of 4 p-terms 
be- 
tween 
adjacent 
macrocells. 
The 5AC324 
includes 
2 


rings of 12 macrocells 
each. P-term groups from one 


macrocell 
can be allocated 
to the adjacent 
macro- 


cell in the 
ring. P-term 
allocation 
between 
the two 


rings is not supported. 


Figure 5 shows 
a p-term 
allocation 
example. 
In this 


example, 
the logic function 
in macrocell 
4 requires 


16 p-terms. 
In this 
case, 
software 
allocates 
4 p- 


terms from the previous 
macrocell 
in Ring 1 (macro- 


cell 5) and 4 p-terms 
from the next macrocell 
(mac- 


rocell 3) to accumulate 
a total of 16 p-terms 
(8 + 4 


+ 4). This implementation 
leaves 
macrocells 
3 and 


5 with a remainder 
of 4 p-terms. 
These 
remaining 
p- 


terms can also be allocated 
away to, or supplement- 


ed with 
p-terms 
from, 
their 
adjacent 
macrocells 
in 


Ring 1 (macrocells 
2 and 6). 


With this scheme, 
any macrocell 
inside 
the device 


can support 
logic functions 
requiring 
between 
0 and 
16 p-terms. 
P-terms 
allocated 
away 
do 
not 
affect 


that 
macrocell's 
output 
structure. 
The 
input 
to the 


macrocell 
can be tied to VCC or GND, even when all 


p-terms 
have been allocated 
away. Thus the register 


and 
all control 
signals 
are still available 
for use if 


needed. 


Figure 6 shows 
adjacent 
macrocells 
in the 5AC324. 


Table 
1 shows the previous 
and next macrocells 
for 


each macrocell 
in the device, 
along 
with the corre- 


sponding 
allocation 
ring. P-term 
allocation 
is imple- 


mented 
automatically 
in the development 
software 


and is transparent 
to the user. 
Users 
can still use 


explicit 
pin assignment, 
but should 
assign 
pins in a 


way that does not conflict 
with p-term 
allocation. 


Software 
support 
allows the control 
signals on mac- 


rocells 
to be used to implement 
simple 
logic func- 


tions even when all the input p-terms 
have been al- 


located 
to adjacent 
macrocells. 


Macrocell 
output 
can be fed back to the logic array 


on either 
one of the two feedback 
paths. 
If the pin 


feedback 
is used (connected 
after the output buffer), 


bidirectional 
I/O can be implemented. 
If the internal 


feedback 
path is used to implement 
a buried register 


or buried logic function, 
the pin feedback 
is still avail- 


able for use as an input. The availability 
of dual feed- 


backs on the 5AC324 
enhances 
resource 
efficiency 


over single feedback 
devices. 


The 5AC324 contains 
a programmable 
bit, the Turbo 


Bit, that optimizes 
operation 
for speed 
or for power 


savings. 
When 
the Turbo 
Bit is programmed 
(TUR- 


BO = ON), 
the 
device 
is optimized 
for 
maximum 
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ADJACENT MACROCELLS 
ADJACENT MACROCELLS 
FOR RING 1 
fOR 
RING 2 


MACROCELL 
MACROCELL 
1 
24 


MACROCELL 
MACROCELL 
2 
23 


MACROCELL 
MACROCELL 
3 
22 


MACROCELL 
MACROCELL 
4 
21 


MACROCELL 
MACROCELL 
5 
20 


MACROCELL 
MACROCELL 
6 
19 


MACROCELL 
MACROCELL 
7 
18 


MACROCELL 
MACROCELL 
8 
17 


MACROCELL 
MACROCELL 
9 
16 


MACROCELL 
MACROCELL 
10 
15 


MACROCELL 
MACROCELL 


11 
14 


MACROCELL 
MACROCELL 


12 
13 


RING 1 
RING 2 


Current 
Next· 
Previous 
Current 
Next 
Previous 
Macrocell 
Macrocell 
Macrocell 
Macrocell 
Macrocell 
Macrocell 


1 
7 
2 
13 
19 
14 
2 
1 
3 
14 
13 
15 
3 
2 
4 
15 
14 
16 
4 
3 
5 
16 
15 
17 
5 
4 
6 
17 
16 
18 
6 
5 
12 
18 
17 
24 
7 
8 
1 
19 
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13 
8 
9 
7 
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21 
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10 
8 
21 
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10 
11 
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22 
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11 
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11 
24 
18 
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speed. When the Turbo Bit is not programmed 
(TURBO = OFF), the device is optimized for power 
savings by entering standby mode during periods of 
inactivity. 


Figure 7 shows the device entering standby mode 
approximately 100 ns after the last input or I/O tran- 
sition. When the next input or I/O transition is de- 
tected, the device returns to active mode. Wakeup 
time adds an additional 20 ns to the propagation 
delay through the device as measured from the first 
transition. No delay will occur if an output is depen- 
dent on more than one input and the last of the in- 
puts changes after the device has returned to active 
mode. 


After erasure, the Turbo Bit is unprogrammed (OFF); 
automatic standby mode is enabled. When the Tur- 
bo Bit is programmed (ON), the device never enters 
standby mode. 


FIRST t 
INPUT 
OR I/O 
_ 


LAST 
INPUT 
OR I/O 


On Vcc power-up, the 5AC324 registers are reset to 
a logic low. Input latch/register output (to the logic 
array) are also set to a logic low. 5AC324 inputs and 
outputs begin responding approximately 20 /LS after 
Vcc power-up or after a power-Ioss/power-up se· 
quence. After power-up, macrocells can be preset to 
a logic high via the PRESET control signal for each 
macrocell. 


After erasure and prior to programming, all macro- 
cells are configured as combinatorial outputs with 
output buffers three-stated. Inputs are configured as 
synchronous registers. 


ACTIVE 
1o40DE 


Ice 
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ERASURE 
CHARACTERISTICS 


Erasure time for the 5AC324 
is 1 hour at 12,000 
IJ-W/cm2 with a 2537A 
UV lamp. 


Erasure 
characteristics 
of the device 
are such that 
erasure 
begins 
to occur 
upon exposure 
to light with 
wavelengths 
shorter 
than 
approximately 
4000A. 
It 
should 
be noted 
that 
sunlight 
and certain 
types 
of 
f10urescent 
lamps 
have wavelengths 
in the 3000A- 


4000A 
range. Data shows that constant 
exposure 
to 


room 
level f10urescent 
lighting 
could erase the typi- 


cal 5AC324 
in approximately 
six years, while it would 
take 
approximately 
two weeks 
to erase 
the device 
when 
exposed 
to direct 
sunlight. 
If the device 
is to 
be exposed 
to these lighting conditions 
for extended 
periods 
of time, conductive 
opaque 
labels should be 
placed 
over the device 
window 
to prevent 
uninten- 
tional erasure. 


The 
recommended 
erasure 
procedure 
for 
the 
5AC324 
is exposure 
to 
shortwave 
ultraviolet 
light 
with 
a wavelength 
of 2537 A. The 
integrated 
dose 
(Le., 
UV 
intensity 
x 
exposure 
time) 
for 
erasure 
should 
be a minimum 
of forty 
(40) Wsec/cm2. 
The 
erasure 
time 
with 
this 
dosage 
is approximately 
1 
hour 
using 
an ultraviolet 
lamp 
with 
a 12,000 
IJ-WI 
cm2 power rating. The device should be placed with- 
in 1 inch 
of the 
lamp 
tubes 
during 
exposure. 
The 
maximum 
integrated 
dose 
the 
5AC324 
can be ex- 
posed 
to 
without 
damage 
is 7258 
Wsec/cm2 
(1 
week at 12,000 IJ-W/cm2). Exposure 
to high intensity 
UV light 
for 
longer 
periods 
may cause 
permanent 
damage 
to the device. 


Intelligent 
Programming 
Algorithm 


The 
5AC324 
supports 
the 
Intelligent 
Programming 
Algorithm, 
which rapidly programs 
Intel EPLDs, while 
maintaining 
a high degree 
of reliability. 
It is particu- 
larly 
suited 
for 
production 
programming 
environ- 
ments. 
This method 
ensures 
reliability 
as the incre- 
mental 
programming 
margin 
of each 
bit has been 
verified 
during 
programming. 
Programming 
voltage 
and 
waveform 
specifications 
are 
available 
by 
re- 
quest from Intel to support 
programming 
the device. 


All of the 
input, 
1/0, 
and clock 
pins of the device 


have been designed 
to resist latch-up which is inher- 


ent in inferior 
CMOS 
structures. 
The 5AC324 
is de- 


signed 
with 
Intel's 
proprietary 
1-micron 
CHMOS 


EPROM 
process. 
Thus, each of the pins will not ex- 


perience 
latch-up 
with currents 
up to ± 100 mA and 


voltages 
ranging from 
-0.5V 
to (Vcc + 0.5V). The 


programming 
pin is designed 
to resist latch-up 
to the 


13.5V maximum 
device 
limit. 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins 
be constrained 
to the voltage 


range GND 
s: (VIN or VOUT) s: VCC. All unused 
in- 


puts and II0s should be tied high or low to minimize 
power 
consumption 
(do not leave them floating). 
A 


power supply decoupling 
capacitor 
of at least 0.21J-F 


must be connected 
directly 
between 
each Vcc 
and 


GND pin. 


As with all CMOS devices, 
ESD handling 
procedures 


should be used with the 5AC324 
to prevent 
damage 


to the 
device 
during 
programming, 
assembly, 
and 


test. 


Since 
the 
logical 
operation 
of the 
5AC324 
is con- 


trolled 
by EPROM elements, 
the device is complete- 


ly testable 
during the manufacturing 
process. 
Each 


programmable 
EPROM 
bit controlling 
the 
internal 


logic 
is tested 
using 
application 
independent 
test 


patterns. 
EPROM 
cells in the device 
are 100% test- 


ed for programming 
and erasure. 
After 
testing, 
the 


devices 
are erased 
before shipments 
to the custom- 


ers. No post-programming 
tests of the EPROM array 


are required. 


The testability 
and reliability 
of EPROM-based 
pro- 


grammable 
logic 
devices 
is an 
important 
feature 


over 
similar 
devices 
based 
on 
fuse 
technology. 


Fuse-based 
programmable 
logic 
devices 
require 
a 


user to 
perform 
post-programming 
tests 
to insure 


device 
functionality. 
During 
the 
manufacturing 
pro- 


cess, 
tests 
on fuse-based 
parts 
can 
only 
be per- 


formed 
in very restricted 
ways in order to avoid pre- 


programming 
the array. 
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The following 
ADF primitives 
are supported 
by this 


device: 


INP 
L1NP 
RINP 
CONF 
COCF 
COIF 
RONF 
ROlF 
RORF 
NOCF 
NORF 
NOJF 
NOSF 


NOTF 
JOJF 
JONF 
SONF 
SOSF 
TOIF 
TONF 
TOTF 
CLKB 
L1NB 


Full logic 
compilation 
and functional 
simulation 
for 


the 5AC324 
is supported 
by PLDsheli 
PIUS™ soft- 
ware. The GUPI 40D44J 
provides 
programming 
sup- 
port on Intel programmers. 


PLDsheli 
Plus design 
software 
is Intel's 
new, user- 


friendly 
design 
tool for JJ-PLDdesign. 
PLDsheli 
Plus 


allows 
users to incorporate 
their preferred 
text edi- 


tor, 
programming 
software, 
and 
additional 
design 


tools 
into an easy-to-use, 
menued 
design 
environ- 


ment that includes 
Intel's 
PLDasm™ 
logic compiler 


and 
simulation 
software 
along 
with 
disassembly, 


conversion, 
and 
translation 
utilities. 
The 
PLDasm 


compiler 
and 
simulator 
software 
accepts 
industry- 


standard 
PDS source 
files that express 
designs 
as 


Boolean 
equations, 
truth tables, 
or state 
machines. 


On-line 
help, datasheet 
briefs, 
technical 
notes, 
and 


error 
message 
information, 
along 
with 
waveform 


viewing/printing 
capability 
make the design 
task as 


easy as possible. 
PLDsheli 
Plus software 
is available 


from Intel Literature 
channels 
or from your local Intel 


sales representative. 


Tools 
that 
support 
schematic 
capture 
and 
timing 


simulation 
for the 5AC324 
are available. 
Support 
un- 


der iPLS II is still available. 
Please refer to the "De- 


velopment 
Tools" 
section 
of the Programmable 
Log- 


ic handbook. 


The 
5AC324 
is also 
supported 
by third-party 
logic 


compilers 
such 
as ABEL t, 
CUPU, 
PLDesignert, 


Log/lC, 
etc. 
Programming 
support 
is provided 
by 
third-party 
programmer 
.companies 
such 
as 
Data 


I/O, Logical 
Devices, 
STAG, etc. Please refer to the 
"Third-Party 
Support" 
lists 
in 
the 
Programmable 


Logic 
handbook 
for complete 
information 
and ven- 


dor contacts. 


tpD 
tea 
'MAX 
Order 
Code 
Package 
Operating 
Range 
(ns) 
(ns) 
(MHz) 


25 
17.8 
66 
N5AC324-25 
PLCC 
Commercial 


P5AC324-25 
PDIP 


D5AC324-25 
'CERDIP 


30 
20 
50 
N5AC324-30 
PLCC 
Commercial 


P5AC324-30 
PDIP 


D5AC324-30 
'CERDIP 


'PlDshell 
Plus™ 
is a trademark 
of Intel Corporation. 


tABEl 
is a trademark 
of Data 110 Corporation. 
CUPl 
is a trademark 
of logical 
Devices, 
Inc. PlDesigner 
is a trademark 
of 


MINC, 
Inc. log/lC 
is a trademark 
of ISDATA, 
Inc. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Supply Voltage 
(VCcl(1) 
- 2.0V to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
-2.0V 
to + 13.5V 


D.C. Input Voltage 
(VI)(1,2) 
-0.5V 
to Vcc 
+0.5V 


Storage Temperature 
(Tstg) 
- 65·C to + 150·C 


Ambient 
Temperature 
(Tamb)(3) 
-1 O·C to + 85·C 


NOTES: 
1. Voltage with respect to GND. 
2. Minimum D.C. input is -0.5V. 
During transitions, the in- 
puts may undershoot to -2.0V or overshoot to +7.0V less 
than 20 ns under no load conditions. 
3. Under bias. Extended Temperature versions are also 
available. 


Symbol 
Parameter 
Min 
Max 
Unit 


Vcc 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vce 
V 


Va 
Output Voltage 
0 
Vce 
V 


TA 
Operating 
Temperature 
0 
+70 
·C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Description 
Specification 
oJA-Junction-to-Ambient 
Thermal 
Resistance 
34·C/W-CerDIP 
43·C/W-PDIP 
43·C/W-PLCC 


OJc-Junction-to-Case 
Thermal 
Resistance 
13·C/W-CerDIP 
15·C/W-PDIP 
15·C/W-PLCC 


Icc Hot-Ambient 
@70·C 
150 mA 


Ice Typical-Ambient 
@25·C 
150 mA 


Process 
CHMOS 
IIIE, PX 29 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vec 
+0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 


VOH(5) 
High Level Output Voltage 
2.4 
V 
10 = -4.0 
mA D.C., 


Vcc = min. 


VOL 
Low Level Output Voltage 
0.45 
V 
10 = 8.0 mA D.C., Vce = min. 


II 
Input Leakage Current 
±10 
/-LA 
Vce = max., 
GND < VIN < VCC 


10Z 
Output Leakage 
Current 
±10 
/-LA 
Vee = max., 
GND < VOUT < Vec 


ISC<6) 
Output Short Circuit Current 
-30 
-90 
mA 
Vce = max., VOUT = 0.5V 


,. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


l5s(7) 
Standby Current 
150 
500 
/-LA 
Vcc = max., VIN = VCC or 
GND, Standby 
Mode 


Icc 
Power Supply Current 
20 
mA 
Vcc = max., VIN = VCC or 
(See Icc vs Freq. Graph) 
GND, No Load, fiN = 1 MHz, 
Active Mode (Turbo = Off), 
Device Prog. as Two 
12-Bit Counters 


NOTES: 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5.16 at CMOS levels (3.84V) = -2 
mA. 
6. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 
7. With Turbo Sit Off, device automatically enters standby mode approximately 100 ns after last input transition. 


3.0~20 
~ 
.> 
TESTPOINTS< 
o 
0.8 
0.8 


l~-TEST 
POINTS-~ 
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A.c. Testing: 
Inputs 
are driven 
at 3.0V for a Logic "1" and OVfor 


a Logic 
"0". 
Timing 
Measurements 
are made 
at 2.0V for a Logic 


"1" and 0.6V for a Logic "0" on inputs. 
Outputs 
are measured 
at 


a 1.5V point. 
Device 
input 
rise and fall times < 6 ns. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
8 
pF 
VIN = OV, f = 1.0 MHz 


COUT 
I/O Capacitance 
15 
pF 
VOUT = OV, f = 1.0 MHz 


CClK 
Clock Pin Capacitance 
15 
pF 
VIN = OV, f = 1.0 MHz 


Cvpp 
Vpp Pin (L1N3) 
25 
pF 
VIN = OV, f = 1.0 MHz 


COMBINATORIAL 
MODE A.C. CHARACTERISTICS 


(TA = O·C to + lO·C, Vcc 
= 5.0V ± 5%, Turbo 
Bit On)(8) 


Symbol 
Parameter 
5AC324-25 
5AC324·30 
5AC324-35 
Non- Turbo(9) 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


tpD 
Input or I/O to Output Valid 
20 
25 
25 
30 
30 
35 
+20 
ns 


tpZX(10) 
Input or I/O to Output Enable 
20 
25 
25 
30 
30 
35 
+20 
ns 


tpXZ(10) 
Input or I/O to Output Disable 
20 
25 
25 
30 
30 
35 
+20 
ns 


tClR 
Asynch. 
Reset to Q Reset 
20 
25 
25 
30 
30 
35 
+20 
ns 


t5ET 
Asynch. 
Set to Q Set 
20 
25 
25 
30 
30 
35 
+20 
ns 


NOTES: 
8. Typical values are at TA = + 25·C, Vcc = 5V, Active Mode. 
9. If device is operated with Turbo bit Off (Non-Turbo Mode) and the device is inactive for approx. 100 ns, increase time by 
amount shown. 
10. tpzx and tpxz measured at ± 0.5V from steady-state voltage as driven by spec. output load. tpxz measured with CL = 5 pF. 
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SYNCHRONOUS 
CLOCK 
MODE (MACROCELLS) 
A.C. CHARACTERISTICS 
(TA = O·C to + 70·C, Vcc = 5.0V 
± 5%, Turbo 
Bit On)(8) 


Symbol 
Parameter 
5AC324-25 
5AC324-30 
5AC324-35 
Non- Turbo(9) 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fMAX 
Maximum 
Frequency 
80 
66 
66 
50 
50 
40 
MHz 


(Pipelined) 
(1/tcw)-No 
Feedback 


fCNT1 
Maximum 
Frequency 
40 
33 
33.3 
25 
27 
21.2 
MHz 


(1/tsu 
+ tcal 
-External 
Feedback 


fCNT2 
Maximum 
Frequency 
(1ItCNT) 
40 
33.3 
33.3 
28.5 
28.5 
25 
MHz 


-Internal 
Feedback 


tSU1 
Input Setup Time to ClK i 
12.5 
10 
20 
15 
25 
20 
+20 
ns 


tSU2 
1/0 Setup Time to ClK i 
12 
10 
20 
15 
25 
20 
+20 
ns 


tH 
Input or 1/0 Hold Time 
0 
0 
0 
ns 


from ClK i 


tco 
ClK i to Output Valid 
15 
17.8 
15 
20 
17 
22 
ns 


tCNT 
Register 
Output Feedback 
to 
25 
30 
30 
35 
35 
40 
+20 
ns 


Register 
Input- 
Internal 
Path 


tCH 
Clock High Time 
7 
9 
11 
ns 


tCl 
Clock low 
Time 
7 
9 
11 
ns 


tcw 
Minimum Clock Period 
15 
20 
25 
ns 


SYNCHRONOUS 
CLOCK 
MODE (INPUT 
STRUCTURE) 
A.C. CHARACTERISTICS 
(TA = O·C to +70·C, 
Vcc 
= 5.0V 
±5%, 
Turbo 
Bit On)(8) 


Symbol 
Parameter 
5AC324-25 
5AC324-30 
5AC324-35 
Non- Turbo(9) 
Unit 


Min Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fMAXI 
Maximum 
Frequency 
(1ItcWI) 
80 
66 
60 
50 
50 
40 
MHz 


tSUIR 
Input Register 
Setup Time 
1 
2.5 
5 
ns 


Before IlE/IClK 
-J.. 


tESUI(11) Input latch 
Setup Time 
1 
2.5 
5 
ns 


Before IlE i 


teal 
IClK 
-J.. to Comb. Output 
25 
30 
30 
35 
35 
40 
+20 
ns 


tEal 
IlE i to Comb. Output 
25 
30 
30 
35 
35 
40 
+20 
ns 


tHI 
Input Hold after IClK 
-J.. 
8 
9 
10 
ns 


tEHI 
Input Hold after IlE 
-J.. 
7 
8 
9 
ns 


tCHI 
IlE/IClK 
High Time 
7 
9 
11 
ns 


teu 
IlE/IClK 
low 
Time 
7 
9 
11 
ns 


tCWI 
Minimum 
Input Clock Period 
15 
20 
25 
ns 


•• 
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ASYNCHRONOUS 
CLOCK 
MODE (MACROCELLS) 
A.C. CHARACTERISTICS 


(TA = O°C to + 70°C, VCC = 5.0V ± 5%, Turbo 
Bit On)(8) 


Symbol 
Parameter 
5AC324-25 
5AC324-30 
5AC324-35 
Non- Turbo(9) 
Unit 


Mln Typ 
Max Mln Typ 
Max Min Typ 
Max 
Mode 


fAMAX 
Max. Frequency 
(Pipelined) 
80 
66 
60 
50 
50 
40 
MHz 


(1/tACW)-No 
Feedback 


fACNT1 
Max. Frequency 
(1/tASU + tACO) 
32.2 27.7 
27 
23.8 
22.2 
20 
MHz 


External 
Feedback 


fACNT2 
Max. Frequency 
(1/tACNT) 
40 
33.3 
33.3 28.5 
28.5 
25 
MHz 
Internal 
Feedback 


tASU1 
Input Setup Time to Asynch. ClK 
11 
12 
15 
+20 
ns 


tASU2 
I/O Setup Time to Asynch. ClK 
11 
12 
15 
+20 
ns 


tAH 
Input or I/O Hold Time 
3 
0 
4 
0 
5 
0 
ns 
from Asynch. ClK 


tACO 
Asynch. ClK 
to Output Valid 
20 
25 
25 
30 
30 
35 
+20 
ns 


tACNT 
Asynch. Output Feedback 
25 
30 
30 
35 
35 
40 
+20 
ns 
to Register 
Input - Internal Path 


tACH 
Asynch. ClK 
High Time 
7 
9 
11 
+20 
ns 


tACL 
Asynch. ClK 
low 
Time 
7 
9 
11 
+20 
ns 


tAcw 
Asynch. 
ClK 
Period 
15 
20 
25 
+20 
ns 


ASYNCHRONOUS 
CLOCK 
MODE (INPUT 
STRUCTURE) 
A.C. CHARACTERISTICS 
(TA = O°C to + 70°C, VCC = 5.0V ± 5%, Turbo 
Bit On)(8) 


Symbol 
Parameter 
5AC324-25 
5AC324-30 
5AC324-35 
Non- Turbo(9) 
Unit 


Min Typ 
Max Min Typ 
Max Min Typ 
Max 
Mode 


fAMAXI 
Maximum 
Frequency 
Input Register 
80 
66 
60 
50 
50 
40 
MHz 
(1/tACWI) 


tASUIR 
Input Register 
Setup Time 
-5 
-5 
-5 
ns 


Before Asynch. 
IClK 


tAESUI(11) Input latch 
Setup Time 
-5 
-5 
-5 
ns 


Before Asynch. 
IlE 


tACOI 
Asynch. 
IClK 
to Comb. Output 
25 
30 
30 
35 
45 
50 
+20 
ns 


tAEOI 
Asynch. 
IlE to Comb. Output 
25 
30 
30 
45 
45 
50 
+20 
ns 


tAHI 
Input Hold after Asynch. 
IClK 
15 
18 
20 
ns 


tAEHI 
Input Hold after Asynch. 
IlE 
14 
17 
19 
ns 


tACHI 
Asynch. 
IlE/IClK 
High Time 
7 
9 
11 
+20 
ns 


tACLI 
Asynch. 
IlE/IClK 
low 
Time 
7 
9 
11 
+20 
ns 


tACWI 
Minimum 
Input Clock Period 
15 
20 
25 
+20 
ns 


NOTE: 
11. This specification 
must be met to guarantee 
tEOI. When 
ILE goes high before 
data is valid, 
use tpD instead 
of tEOI. 
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INPUT -CLOCK- TO-MACROCELL-CLOCK 
A.C. CHARACTERISTICS 


(TA = O·C to + 70·C, Vcc = 5.0V ± 5%, Turbo 
Bit On)(8) 


Symbol 
Parameter 
5AC324-25 
5AC324-30 
5AC324-35 
Non- Turbo(9) 
Unit 


Mln 
Typ 
Max 
Min Typ 
Max 
Min Typ 
Max 
Mode 


te1C2(12) Synchronous 
IlE/lClK 
to 
20 
25 
30 
+20 
ns 


Synchronous 
Macrocell 
ClK 


Synchronous 
IlE/lClK 
to 
12.5 
15 
18 
+20 
ns 


Asynchronous 
Macrocell 
ClK 


Asynchronous 
IlE/IClK 
to 
40 
45 
50 
+20 
ns 


Synchronous 
Macrocell 
ClK 


AsynchronousllE/ClKto 
20 
25 
30 
+20 
ns 


Asynchronous 
Macrocell 
ClK 


NOTE: 
12. Times 
for SETUP, 
HOLD, 
and OUTPUT 
VALID 
are shown 
in previous 
tables. 


INPUT OR I/O 
\ 
I 


~lpD 


COWBINATORIAl OUTPUT 
\V 
Ir-... 


IpXZ 


COWBINATORlAl OR 
HICH IWPEDANCE 


RECISTEREDOUTPUT 
3-STATE 


IpZX 


HIGH IWPEDANCE 
VALID OUTPUT 


3-STATE 
_IAClR- 


_IASET_ 


(FROt.! 
REGISTER 
CLOCK 
TO OUTPUT) 


NOTE: 
When 
ILE goes high before 
data is valid, use tpo instead 
of tEOI. 
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ASYNCH. 
CLOCK 
INPUT 


FLOW 
THROUGH 
INPUT 


ASYNCH. 
ILE/CLK 
INPUT 


NOTE: 
When 
ILE goes high before 
data is valid, use tpo instead 
of tAEOf' 


intel· 


INPUTS 


eLK J 
\ "at 
\ 
;- 


X 
~~:l 


VALID 
OUTPUTS 
OUTPUTS 
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CLOCK, 
SETUP, 
HOLD, 
and 
OUTPUT 
VALID 
times 
are dependent 
on 
synchronous/asynchronous 
clocking 
and 
are 


listed 
in the specification 
tables. 


Conditions: 
TA = 25"C 
Vcc 
= 5.QV 


200 


180 


160 


140 


':( 120 
~loo 
u 
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60 


40 


20 
o 
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I 
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TURBO 
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I- 
NON-TURBO 


II 
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II 
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40 
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8ns 
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6ns 
t:;, 


0 
~ 
4ns 


0 
2ns 
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Ons 


Conditions: 
TA = 25"C 
Vcc 
= 5.QV 


110pf 


Capacitance 


5C032 
8-MACROCELL CHMOS EPLD 
• High-Density, Low-Power Replacement 
• Programmable 
"Security 
Bit" Allows 


for SSI & MSI Devices and Bipolar PLDs 
Total Protection 
of Proprietary 
Designs 


• Up to 18 Inputs (10 Dedicated & 8 I/O) 
• lee (standby) 100 p.A (max) 


and 8 Outputs 
lee (10 MHz) 25 mA (max) 
• Eight Macrocells with Programmable 
• 100% Generically Tested EPROM Logic 


I/O Architecture 
Control Array 
• tpD = 30 ns (max), 43.5 MHz Pipelined, 
• 20-pin 0.3" Ceramic and Plastic DIP 
28.5 MHz with Feedback 
Package 
• Low Power Upgrade for All Commonly 
(See 
Packaging 
Spec., 
Order 
11240800) 
Package 
Type 
D and P 
Used 20-pin PLDs 
100% Compatible with EP320 
• 
• CHMOS EPROM Technology 
Based UV 
• 


Erasable (CerDIP) 


INPUT/eLK 


INPUT 


INPUT 


INPUT 


INPUT 


INPUT 


INPUT 


INPUT 


INPUT 


GND 


Vee 


I/O 


I/O 


I/O 
I/o 


I/O 


I/O 


I/O 


I/O 


I/Vpp 
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The Intel 5C032 
is an 8-macrocell, 
20-pin, 
general- 


purpose 
EPLD (Erasable 
Programmable 
Logic Devi- 


ce).This 
device 
can be used to replace 
bipolar 
pro- 


grammable 
logic 
arrays 
and 
LS 
TTL 
and 
74HC 


(CMOS) SSI and MSI logic devices. 
The 5C032 can 
also be used as a direct, 
low-power 
replacement 
for 


almost 
all common 
20-pin 
fuse-based 
programma- 


ble logic devices. 
With its flexible 
programmable 
I/O 


architecture, 
this 
device 
is a superset 
of common 


20-pin 
PLDs. 


The 
5C032 
EPLD 
uses 
CHMOS 
EPROM 
(floating 


gate) cells as logic control 
elements 
instead 
of fus- 


es. The CHMOS 
EPROM technology 
reduces 
power 


consumption 
of EPLDs to less than 20% 
of a com- 


parable 
bipolar 
device without 
sacrificing 
speed 
per- 


formance. 
In addition, 
the 
use of Intel's 
advanced 


CHMOS 
II-E EPROM 
process 
technology 
enables 


greater 
logic densities 
to be achieved 
with superior 


speed 
and low-power 
performance 
over other com- 


parable 
devices. 
Intel's 
5C032 
has the 
benefit 
of 


"zero" 
stand-by 
power 
not available 
on other 
pro- 
grammable 
logic 
devices. 
EPROM 
technology 
al- 
lows 
these 
devices 
to be 100% 
factory 
tested 
by 


programming 
and erasing 
all the EPROM 
logic con- 


trol elements. 


The 5C032 
with its superior 
speed 
and power 
per- 


formance 
and its plastic 
package 
is an ideal produc- 


tion 
vehicle 
for 
high-volume 
manufacturing. 
Most, 


commonly 
used 20-pin 
bipolar 
PLDs can be easily 


replaced 
with 
this 
device 
allowing 
for tremendous 


power 
consumption 
savings 
without 
sacrificing 


speed of operation. 


The architecture 
of the 5C032 is based on the "Sum 


of Products" 
PLA (Programmable 
Logic Array) struc- 


ture with a programmable 
AND array feeding 
into a 


fixed OR array. This device 
can accommodate 
both 


combinational 
and sequential 
logic functions. 
A pro- 


prietary 
programmable 
I/O architecture 
provides 
in- 


dividual 
selection 
of either 
combinational 
or regis- 


tered 
output 
and feedback 
signals, 
all with 
select- 


able polarity. 


The 5C032 contains 
10 dedicated 
inputs as well as 8 


input/output 
pins. These 
I/O pins can be individually 


configured 
to be inputs, outputs 
or bi-directional 
I/O 


pins. Each of these 
I/O pins is connected 
to a mac- 


rocell. The 5C032 contains 
8 identical 
macrocells 
or- 


ganized 
as shown 
in Figure 
1. 


Each 
macrocell 
(see 
Figure 
2) consists 
of a PLA 


(programmable 
logic array) block 
and an I/O 
archi- 


tecture 
block, 
which 
contains 
a "D" 
type 
register. 


The PLA block consists 
of eight 36-input 
AND gates 


(TRUE 
& 
COMPLEMENT 
of 
10 dedicated 
inputs 


plus the 
8 feedback 
inputs 
from 
the 
eight 
macro- 


cells), 
feeding 
into an OR gate. The output 
of this 


PLA block is fed into the I/O architecture 
block. The 


different 
I/O and feedback 
options 
that are available 


in the 5C032 
I/O block are shown 
in Figure 3. 


intel.. 
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Figure 1. 5C032 Architecture 
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8 
PRODUCT 
TERlllS 


The 5C032 is architected 
to be a logical superset 
of most 20 pin bipolar programmable 
array logic (PALO) 


devices. The I/O and logic sections 
of the 5C032 device can be configured 
to emulate any of the devices 
listed below. Designers can make use of this feature by reducing the power of PAL based systems (EPLDs are 
much lower power), replacing multiple PAL inventory items with a single EPLD. Designers can also create new 
20 pin PLD configurations 
by utilizing the individual logic and output controls of each macrocell. 


List of PAL devices logically :ompatible 
with the 5C032. 


16V8 
16L2 
10H8 
16L8 
12H6 
16R8 
14H4 
16R6 
16H2 
16R4 
16H8 
16P8A 
16C1 
16RP8A 
10LB 
16RP6A 
12L6 
16RP4A 
14L4 


intel· 


Erased-State 
Configuration 


Prior to programming or after erasing, the I/O struc- 
ture is configured for combinatorial active low output 
with input (pin) feedback. 


Erasure characteristics of the 5C032 are such that 
erasure begins to occur upon exposure to light with 
wavelengths shorter than approximately 4000A. It 
should be noted that sunlight and certain types of 
f10urescent lamps have wavelengths in the 3000- 
4000A. Data shows that constant exposure to room 
level flourescent 
lighting could erase the typical 
5C032 in approximately three years, while it would 
take approximately one week to cause erasure when 
exposed to direct sunlight. If the 5C032 is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time, conductive opaque labels 
should be placed over the device window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 5C032 
is exposure to shortwave ultraviolet light with a 
wavelength of 2537A. The integrated dose (Le., UV 
intensity X exposure time) for erasure should be a 
minimum of fifteen (15) Wsec/cm2. The erasure 
time with this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp with a 12,000 /kW/cm2 
power rating. The 5C032 should be placed within 
one inch of the lamp tubes during erasure. The maxi- 
mum integrated dose the 5C032 can be exposed to 
without damage is 7258 Wsec/cm2 
(1 week at 


12,000 /kW/cm2). Exposure to high intensity UV light 
for longer periods may cause permanent damage to 
the device. 


Initially, and after erasure, all the EPROM control 
bits of the 5C032 are connected (in the "1" state). 
Each of the connected control bits are selectively 
disconnected by programming the EPROM cells into 
their "0" state. Programming voltage and waveform 
specifications are available by request from Intel to 
support programming of the device. 


Intelligent 
Programming 
Algorithm 


The 5C032 supports the Intelligent Programming Al- 
gorithm which rapidly programs Intel H-ELPDs (and 
EPROMs) using an efficient and reliable method. 
The Intelligent Programming Algorithm is particularly 
suited to the production programming environment. 


This method greatly decreases the overall program- 
ming time while programming reliability is ensured as 
the incremental program margin of each bit is con- 
tinually monitored to determine when the bit has 
been successfully programmed. 


Since the logical operation of the 5C032 is con- 
trolled by EPROM elements, the device is complete- 
ly testable. Each programmable EPROM bit control- 
ling the internal logic is tested using application-in- 
dependent test program patterns. After testing, the 
devices are erased before shipment to customers. 
No post-programming tests of the EPROM array are 
required. 


The testability and reliability of EPROM-based pro- 
grammable logic devices is an important feature 
over similar devices based on fuse technology. 
Fuse-based programmable logic devices require a 
user to perform post-programming tests to insure 
proper programming. These tests must be done at 
the device level because of the cummulative error 
effect. For example, a board containing ten devices 
each possessing a 2% device fallout translates into 
an 18% fallout at the board level (it should be noted 
that programming fallout of fuse-based programma- 
ble logic devices is typically 2% or higher). 


For proper operation, it is recommended that all in- 
put and output pins be constrained to the voltage 
range GND < (VIN or VOUT)< Vcc. Unused inputs 
should be tied to an appropriate logic level (e.g. ei- 
ther Vcc or GND) to minimize device power con- 
sumption. Reserved pins (as indicated in the iPLDS 
REPORT file) should be left floating (no connect) so 
that the pin can attain the appropriate logic level. A 
power supply decoupling capacitor of at least 0.2 /kF 
must be connected directly between Vcc and GND 
pins of the device. 


As with all CMOS devices, ESD handling procedures 
should be used with the 5C032 to prevent damage 
to the device during programming, assembly, and 
test. 


A single EPROM bit provides a programmable de- 
sign security feature that controls the access to the 
data programmed into the device. If this bit is set, a 
proprietary design within the device cannot be cop- 
ied. This EPROM security bit enables a higher de- 
gree of design security than fused-based devices 
since programmed data within EPROM cells is invisi- 
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ble even to microscopic evaluation. The EPROM se- 
curity bit, along with all the other EPROM control 
bits, will be reset by erasing the device. 


The 5C032 contains a programmable bit, the Turbo 
Bit, that optimizes operation for speed or for power 
savings. 
When 
the 
Turbo 
Bit 
is 
programmed 


(TURBO = ON), the device is optimized for maxi- 
mum speed. When the Turbo bit is not programmed 
(TURBO = OFF), the device is optimized for power 
savings by entering standby mode during periods of 
inactivity. 


Figure 4 shows the device entering standby mode 
approximately 100 ns after the last input transition. 
When the next input transition is detected, the de- 
vice returns to active mode. Wakeup time adds an 
additional 15 ns to the propagation delay through 
the device as measured from the first input. No de- 
lay will occur if an output is dependent on more than 
one input and the last of the inputs changes after the 
device has returned to active mode. 


After erasure, the Turbo Bit is unprogrammed (OFF); 
automatic standby mode is enabled. When the Tur- 
bo Bit is programmed (ON), the device never enters 
standby mode. 


All of the input, I/O, and clock pins of the 5C032 
have been designed to resist latch-up which is inher- 
ent in inferior CMOS structures. The 5C032 is de- 
signed with Intel's proprietary CHMOS II-E EPROM 


FIRST t 
INPUT 
OR I/O 
_ 


LAST 
INPUT 
OR I/O 


process. Thus, each of the 5C032 pins will not expe- 
rience latch-up with currents up to ± 100 mA and 
voltages ranging from -1 V to (Vee + 1V). Further- 
more, the programming pin is designed to resist 
latch-up to the 13.5V maximum device limit. 


Full logic compilation and functional simulation for 
the 5C032 is supported by PLDshell Plus™ soft- 
ware. The GUPI20D20J provides programming sup- 
port on Intel programmers. 


PLDshell Plus design software is Intel's new, user- 
friendly design tool for fLPLD design. PLDshell Plus 
allows users to incorporate their preferred text edi- • 
tor, programming software, and additional design 
tools into an easy-to-use, menued design environ- 
ment that includes Intel's PLDasm™ logic compiler 
and simulation software along with disassembly, 
conversion, and translation utilities. The PLDasm 
compiler and simulator software accepts industry- 
standard PDS source files that express designs as 
Boolean equations, truth tables, or state machines. 
On-line help, datasheet briefs, technical notes, and 
error message information, along with waveform 
viewing/printing capability make the design task as 
easy as possible. PLDshell Plus software is available 
from Intel Literature channels or from your local Intel 
sales representative. 


Tools that support schematic capture and timing 
simulation for the 5C032 are available. Support un- 
der iPLS II is still available. Please refer to the "De- 
velopment Tools" section of the Programmable Log- 
ic handbook. 


STANDBY MODE 


'58 
ACTIVE MODE 


lee 


Figure 4. 5C032 Standby 
and Active 
Mode Transitions 
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The 5C032 
is also supported 
by third-party 
compil- 
ers such 
as ABEL *, CUPl *, PlDesigner*, 
log/IC, 


etc. Programming 
support 
is provided 
by third-party 


programmer 
companies 
such 
as Data 
I/O, 
logical 


Devices, 
STAG, etc. Please refer to the "Third-Party 


Support" 
lists in the Programmable 
Logic handbook 


for complete 
information 
and vendor 
contacts. 


tpD 
teo 
fMAX 
Order 
Package 
Operating 


(ns) 
(n8) 
(MHz) 
Code 
Range 


30 
17 
43.5 
D5C032-30 
CERDIP 
Commercial 


P5C032-30 
PDIP 


35 
20 
40 
D5C032-35 
CERDIP 
Commercial 


P5C032-35 
PDIP 


40 
24 
33.3 
D5C032-40 
CERDIP 
Commercial 


P5C032-40 
PDIP 


PLDshell 
Plus is a trademark 
of Intel Corporation. 
*ABEL is a trademark 
of Data 110, Corp. CUPL is a trademark 
of Logical 
Devices, 
Inc. PLDesigner 
is a trademark 
of MINC, Inc. 
LogIIC 
is a trademark 
of ISDATA, 
Incorporated. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Unit 


Vcc 
Supply Voltage(1) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(1) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


tstg 
Storage Temperature 
-65 
+150 
'c 


tamb 
Ambient Temperature(4) 
-10 
+85 
'c 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the in- 
puts may undershoot to -2.0V 
or overshoot to +7.0V for 
periods less than 20 ns under no load conditions. 
3. Under bias. Ex1ended temperature versions are also 
available. 
4. Ex1endedtemperature versions also available. 


Symbol 
Parameter 
Mln 
Max 
Unit 


VCC 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
VCC 
V 


Vo 
Output Voltage 
0 
VCC 
V 


TA 
Operating 
Temperature 
0 
+70 
'C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Description 
Specification 


8JA-Junction-to-Ambient 
Thermal 
Resistance 
83'C/W-CerDIP 
109°C/W-PDIP 


8Jc-Junction-to-Case 
Thermal 
Resistance 
20°C/W-CerDIP 
20°C/W-PDIP 


ICC Hot-Ambient 
@ 70°C 
30mA 


Icc Typical-Ambient 
@ 25°C 
30mA 


Process 
CHMOS 
liE, PX24 


• 
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Symbol 
Parameter/Test 
Conditions 
Min 
Typ 
Max 
Unit 


VIH(S) 
High Level Input Voltage 
2.0 
Vcc + 0.3 
V 


VIL(S) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH(6) 
High Level Output Voltage 
2.4 
V 


10 = -4.0 
mA D.C., Vcc = min. 


VOL 
Low Level Output Voltage 
0.45 
V 


10 = 4.0 mA D.C., Vcc = min. 


II 
Input Leakage Current 
±10 
fJoA 


Vcc = max., GND < \tIN < Vcc 


loz 
Output 
Leakage Current 
±10 
fJoA 


Vcc = max., GND < VOUT < Vcc 


Isell) 
Output Short Circuit Current 
10 
mA 


Vcc = max., VOUT = 0.5V 


ISB(8) 
Standby 
Current 
10 
100 
fJoA 


Vcc = max., VIN = Vcc or GND, 
Standby 
Mode 


Icel9) 
Power Supply Current 
15 
25 
mA 


Vcc = max., VIN = Vcc or GND, 
No Load, Input Freq. = 10 MHz 
Active Mode (Turbo = Off), 
Device Prog. as 8-bit Ctr. 


NOTES: 
5. Absolute 
values 
with respect 
to device 
GND; all over- and undershoots 
due to system 
or tester 
noise are included. 


6.10 
at CMOS 
levels 
(3.84V) 
= -2 mA. 
1. Not more than 
1 output 
should 
be tested 
at a time. Duration 
of that test must not exceed 
1 second. 


8. With Turbo 
Bit = Off, device 
automatically 
enters 
standby 
mode approximately 
100 ns after last input transition. 
9. Maximum 
Active 
Current 
at operational 
frequency 
is less than 40 mA. 


l~-TEST 
POINTS-~ 


290155-7 
CL (INCLUDES JIG 
CAPACITANCE) 


A.C. Testing: 
Inputs 
are Driven 
at 3.0V for a Logic 
"1" 
and OV for 


a Logic 
"0". 
Timing 
Measurements 
are made 
at 2.0V for a Logic 


"1" 
and O.BV for a Logic 
"0" 
on inputs. 
Outputs 
are measured 
at 


a 1.5V point. 
Device 
input 
rise and fall times < 6 ns. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = OV, f = 1.0 MHz 
10 
pF 


CaUT 
Output Capacitance 
VaUT = OV, f = 1.0 MHz 
10 
pF 


CCLK 
Clock Pin Capacitance 
VIN = OV, f = 1.0 MHz 
10 
pF 


Cvpp 
Vpp Pin 
Pin 11, f = 1.0 MHz 
20 
pF 


5C032-30 
5C032-35 
5C032·40 
Non-(8) 


Symbol 
From 
To 
Turbo 
Unit 


Min 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


tpD 
lor 
I/O 
Comb. Output 
30 
35 
40 
+15 
ns 


tpZx(11) 
lor 
I/O 
Output 
Enable 
30 
35 
40 
+15 
ns 


tpXZ(11) 
lor 
I/O 
Output 
Disable 
30 
35 
40 
+15 
ns 


NOTES: 
10. Typ. values 
are at TA = 2S'C, Vcc 
= SV, Active 
Mode. 
11. tpzx 
and tpxz 
are measured 
at ± O.SV from steady 
state voltage 
as driven 
by spec. 
output 
load. tpxz 
is measured 
with 


CL = S pF. 


5C032-30 
5C032-35 
5C032·40 
Non-(8) 


Symbol 
Parameter 
EP320-1 
EP320-2 
Turbo 
Unit 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fMAX 
Max. Frequency 
(Pipelined) 
43.5 
40 
33.3 
MHz 


1/tsu 
- 
No Feedback 


fCNT 
Max. Count Frequency 
28.5 
25 
21.7 
MHz 


1/teNT - 
with Internal Feedback 


tsu 
Input Setup Time to ClK 
23 
25 
30 
+15 
ns 


tH 
I or I/O Hold after ClK 
High 
0 
0 
0 
ns 


tca 
ClK 
High to Output Valid 
17 
20 
24 
ns 


teNT 
Register 
Output 
Feedback 
to 
35 
40 
46 
+15 
ns 


Register 
Input - 
Internal Path 


teH 
ClK 
High Time 
11 
12 
15 
ns 


tCL 
ClKlowTime 
11 
12 
15 
ns 


• 
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HIGH IMPEDANCE 


3- 
STATE 


HIGH IMPEDANCE 


3- 
STATE 


(FROM REGISTER 
TO OUTPUT) 
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Current 
in Relation 
to Frequency 


50 


5 
10 
15 
20 
25 
30 
35 
40 


fCNt<Io4Hz) 


Current 
in Relation 
to Temperature 


50 


20 
40 
60 


TEIo4P(C) 


100 


~ 
50 
!. 
.w 
30 
" 
20 
t 
:> 
10 
u- 
:>.e- 
5 
:> 
4 
0 
3 
g 
2 


- 
/ 
•••••••IOH 


~OL 
" 
r\.. 


1 
234 


Vo Output 
Voltage 
(V) 


12ns 


10ns 


~ 
8ns 
a. 
>, 
t:- 
o 
6ns 
'"•. 
0 
c 
o4ns 
~ 


2ns 


Ons 


Conditions: 
50pF 
TA = 250C 


VCC = 5.0V 


Low-to-Hlgh 


Hlgh-to-Low 


•• 


SC060 
16-MACROCELL CHMOS EPLD 
• High-Performance 
LSI Semi-Custom 
• 8 P-Terms, 
Selectable 
SOP Invert, 
Clear 


Logic Alternative 
to Low-End 
Gate 
and OE P-Terms 
for Each Macrocell 


Arrays, 
TTL, and 74HC SSI and MSI 
• Programmable 
Security 
Bit Allows Total 


Logic 
Protection 
of Proprietary 
Designs 
• 16 Macrocells 
with Programmable 
I/O 
• CHMOS 
EPROM Technology 
Based. UV 
Architecture; 
up to 20 Inputs (4 
Erasable 
(CerDlP) 
or OTP 
Dedicated, 
16 I/O) 
or 16 Outputs 


Programmable 
Output 
Registers 
can be 
• Progammable 
Low Power Option; 
• 
50 /-LATypical 
Standby 
Current 
Configured 
as D, T, SR, or JK Types 


tpD (max) 45 ns, 26.3 MHz Pipelined, 
• 100% Generically 
Tested 
Logic Array 
• 22.2 MHz w/Feedback 
• 100% Compatible 
with EP600 


• Programmable 
Clock System 
with 2 
• Available 
in 24-Pln 300-mll CerDIP/PDIP 


Synchronous 
Clocks and Asynchro- 
and 28-Pin PLCC Packages 


nous Clocking 
Option on all Registers 
(See 
Packaging 
Specifications, 
Order 
Number 
240800, 


Package 
Types 
D, P, and N) 


CLK1 


INP1 


1/0.9 


1/0.10 


1/0.11 


1/0.12 


1/0.13 


1/0.14 


1/0.15 


1/0.16 


INP2 


GNO 


Vee 


INP4 


1/0.1 


1/0.2 


1/0.3 


1/0.4 


1/0.5 


1/0.6 


1/0.7 


1/0.8 


INP3 


CLK2 


1/0.10 


1/0.11 


1/0.12 


1/0.13 


1/0.14 


1/0.15 


NC 


1/0.2 


1/0.3 


1/0.4 


1/0.5 


1/0.6 


1/0.7 


NC 


L~giC'6";~iC~)is-~16~~;cr~~;II,-24~pi~:g~;;~';~I'p~~ 
pose device. The device can be used to replace low- 
end gate arrays, multiple programmable logic arrays 
and LS TTL and 74HC (CMOS) SSI and MSI logic 
devices. The 5C060 can also be used as a direct, 
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fuse-based programmable logic devices. With its 
revolutionary programmable I/O 
architecture, the 


device has advanced functional capabilities beyond 
that of typical programmable logic. Figure 2 shows 
the global architecture of the device. 


PROGRAMMABLE 
AND ARRAY 
40 x 160 
• 
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The 
5C060 
EPLD 
uses 
CHMOS 
EPROM 
(floating 
gate) cells as logic control 
elements 
instead 
of fus- 
es. The CHMOS 
EPROM technology 
reduces 
power 
consumption 
of EPLDs to less than 20% 
of a com- 
parable 
bipolar device without 
sacrificing 
speed per- 
formance. 
In addition, 
Intel's 
advanced 
CHMOS 
II-E 
EPROM 
process 
technology 
enables 
greater 
logic 
densities 
to be achieved 
with 
superior 
speed 
and 
low-power 
performance 
over other 
comparable 
de- 


vices. 
Intel's 
ELPDs 
add 
the 
benefits 
of 
"zero" 


stand-by 
power 
not available 
on other 
programma- 


ble logic devices. 
EPROM 
technology 
allows 
these 
devices 
to be 100% 
factory 
tested 
by programming 
and erasing 
all the EPROM 
logic control 
elements. 


The architecture 
of the 5C060 is based on the "Sum 
of Products" 
PLA (Programmable 
Logic Array) struc- 
ture with a programmable 
AND array feeding 
into a 
fixed OR array. The device accommodates 
combina- 
tional 
and sequential 
logic functions. 
A proprietary 
programmable 
I/O 
architecture 
provides 
individual 


selection 
of either combinatorial 
or registered 
output 
and feedback 
signals all with selectable 
polarity. 


A feature 
unique to the 5C060 is the ability to individ- 


ually program 
the output registers 
as a D-, T-, SR-, or 
JK-type 
Flip-Flop 
without 
sacrificing 
the utilization 
of 
programmable 
AND 
logic. Additionally, 
each output 
register 
can be individually 
clocked 
from any of the 


input or feedback 
paths available 
within the AND ar- 


ray. With these features, 
a wide variety of logic func- 


tions can be simultaneously 
implemented-all 
on the 


same device. 


Externally, 
the 
5C060 
has 4 dedicated 
data 
input 


pins, 16 I/O pins which may be configured 
for input, 


output, 
or bidirectional 
operations, 
and 
2 synchro- 


nous 
clock 
inputs. 
The 
5C060 
is contained 
in a 


24-pin windowed 
package 
(0.3 inch wide) or 28-lead 


J-Ieaded 
chip carrier 
package, 
and contains 
16 pro- 


grammable 
registers. 


The 
basic 
Macrocell 
architecture 
for the 
5C060 
is 


shown in Figure 3. The 5C060 has 16 of these 
Mac- 


rocells (one for each I/O pin). The Macrocell 
is orga- 


nized in the familiar 
sum-of-products 
structure 
with a 


programmable 
AND 
array 
attached 
to a fixed 
OR 


term. 
The 
inputs 
to the 
programmable 
AND 
array 


originate 
from the true and complement 
signals from 


each of the dedicated 
input pins and each of the I/O 


control 
blocks. The 40-input 
AND array of the 5C060 


feeds 
160 AND gates (product 
terms) which are dis- 


tributed 
among 
the 
16 available 
Macrocells 
within 


that device. 
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The 
Macrocells 
contain 
ten 
product 
terms 
total. 


Eight of the ten product 
terms (AND gates) are dedi- 


cated for logic implementation. 
One product 
term on 


each 
Macrocell 
is used 
for 
RESET 
control 
to the 


output 
register 
associated 
with the 
Macrocell. 
The 


final 
product 
term 
is used 
for OUTPUT 
ENABLEI 


Asynchronous 
Clock implementation. 


Within 
the AND array, there 
is an EPROM 
connec- 


tion at every intersection 
of an input signal (true and 


complement) 
and a product 
term to a given Macro- 


cell. 
Before 
programming 
an erased 
device, 
every 


EPROM 
connection 
is made 
at every 
intersection. 
But during the programming 
process, 
these connec- 


tions 
are opened 
so that only the desired 
connec- 


tions 
remain. 
Therefore, 
the true or complement 
of 


any input 
signal 
can be connected 
to any product 


term. 
If both the true and complement 
connections 


of any signal are left intact, a logical false results on 
the output of the AND gate. However, 
if both the true 


and complement 
connections 
are open, then a logic 


"don't 
care" 
results 
on the AND 
gate. 
Lastly, 
if all 


the inputs of a product 
term are programmed 
open, 
then a logical true results on the output 
of the AND 


gate. 


The 5C060 
has two dedicated 
clock 
inputs 
to pro- 


vide synchronous 
clock signals to the internal 
regis- 


ters. Each of the clock signals controls 
half the total 


registers 
within the given device. 
For example, 
CLK1 


provides 
synchronous 
clocking 
to the 
registers 
in 


Macrocells 
in the left half of the array while 
CLK2 


controls 
the registers 
associated 
with Macrocells 
in 


the right half of the array. The advanced 
1/0 archi- 
tecture 
allows for any number 
of the registers 
to be 


synchronously 
clocked 
(from 
none 
to all). Both 
of 


the dedicated 
clock inputs latch the data into a given 


register 
when triggered 
on a positive 
edge. 


MACROCELL 
ARCHITECTURE 


SELECTION 


The 
5C060 
architecture 
provides 
each 
Macrocell 


with over 50 different 
possible 
1/0 register 
configu- 


rations. 
Each 1/0 pin can be configured 
for combina- 


torial or registered 
output 
(true or complement) 
with 


feedback. 
In addition, 
four different 
types 
of output 


registers 
can 
be 
implemented 
into 
every 
1/0 
pin 


without 
any additional 
logic requirements. 
The feed- 


back 
mechanism 
for 
each 
register 
back 
into 
the 


AND array can be programmed 
to provide 
for either 


registered 
feedback 
from 
the 
Macrocell 
or 
input 


feedback 
(treating 
the pin as an input). Another 
ad- 


vantage 
of the advanced 
1/0 capability 
of the 5C060 


is the ability to individually 
clock each internal 
regis- 


ter from asynchronous 
clock 
signals. 


Two 
modes 
of 
operation 
are 
provided 
by 
the 


OE/CLK 
Select 
Multiplexer 
as a part of each Macro- 


cell. One mode provides 
for three-state 
buffering 
of 


outputs 
while in the other mode, the outputs 
are al- 


ways enabled. 
The operation 
of the OE/CLK 
Select 


Multiplexer 
sets the mode within 
a given Macrocell. 


Therefore, 
the output 
mode can be selected 
individ- 


ually 
on every 
output. 
Figure 
4 illustrates 
the 
two 


modes 
of OE/CLK 
operation. 


In Mode 0, the three-state 
output buffer is controlled 


by a single 
product 
term 
originating 
from 
the AND 


array. The output 
is enabled 
when the product 
term 


is a logical 
true. Conversely, 
the output 
appears 
as 


high impedance 
when the product 
term 
is a logical 


false as shown in Table 
1. In Mode 0, the Macrocell 


Flip-Flop 
is connected 
to its associated 
synchronous 


clock 
(either 
CLK1 
or CLK2 
depending 
upon 
the 


Macrocell's 
location 
within 
the 
device). 
Thus, 
the 


Macrocell 
Flip-Flop 
may be clocked 
by its respective 


synchronous 
clock 
but 
its output 
will 
not 
become 


valid until the output 
is enabled. 


Product 
Term 
Output 
Buffer 


FALSE 
Three-State 


TRUE 
Enabled 


In Mode 
1, the Output 
Buffer 
is always 
enabled. 
In 


addition, 
the Macrocell 
Flip-Flop 
is connected 
to the 


AND array. The Macrocell 
Flip-Flop 
may now be trig- 


gered from an asynchronous 
clock 
signal generated 


by the AND array logic to the OE/CLK 
multiplexable 


term. Mode 
1 allows 
the Macrocell 
Flip-Flops 
to be 


individually 
clocked 
from any of the available 
signals 


in the AND array. Since 
both true and complement 


values 
appear 
in the AND array, the Flip-Flop 
may 


be clocked 
by any positive- 
or negative-going 
signals 


at any input pin. Gated 
clock 
structures 
can be cre- 


ated since the Flip-Flop 
clock 
is created 
by a prod- 


uct term. 


The 
Invert 
Select 
EPROM 
bit is used to invert 
the 


product 
term input into the register. 
This applies 
to 


all inputs 
including 
double 
inputs on the JK and SR 


registers. 
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SYNCHRONOUS 
CLOCK 


VCC 


SYNCHRONOUS 
CLOCK 


VCC 


ClK 
- SYNCHRONOUS 


ClK 


ClK 
- ASYNCHRONOUS 


ClK 


• 


int:el. 


The advanced I/O architecture of the 5C060 allows 
four different register types along with combinatorial 
output as illustrated in Figure Sa. The register types 
include a T, D, JK, or SR Flip-Flop and each Macro- 
cell I/O structure may be independently configured. 
In addition, all registers have an individual asynchro- 
nous RESET control from a dedicated product term 
derived in the AND array. When this dedicated prod- 
uct term is a logical one, the Macrocell register is 
immediately cleared to a logical zero independent of 
the register clock. The RESET function occurs auto- 
matically on power-up. 


The four different register types shown in Figure 5b- 
5e are described below. 


When either a D- or T-type Flip-Flop is configured 
as part of the I/O structure, all eight of the product 
terms into the Macrocell are ORed together and 
fed into the register input. 


When either a JK or SR register is configured, the 
eight product terms are shared among two OR 
gates (one for the J or S input and the other for 
the K or R input). The allocation for these product 
terms for each of the register inputs is optimized 
by the iPLDS II development software. 


The Output Select Multiplexer allows for either regis- 
tered, combinatorial or no output. 


The Feedback Select Multiplexer EPROM bit en- 
ables registered, I/O (using the pin for bidirectional 
input or just input), or no feedback to the AND array. 


The Feedback Select is also important for building 
product terms with more than 8 products. The 8- 
product product term of a Macrocell can be fed back 
into the AND array and combined with still more sig- 
nals to create a much larger product term (of more 
than 8-inputs). In addition, if the feedback product 
term is not to be output, then the iPLDS II will re- 
serve the associated Macrocell pin and indicate it in 
the REPORT file. A reserved pin should be left float- 
ing (no connect) when assembled onto a circuit 
board. 


Any I/O pin may be configured as a dedicated input 
by selecting no output and pin feedback through the 
appropriate multiplexers. 


OUTPUT/POLARITY 
FEEDBACK 


Combinatorial/High 
Pin, None 


Combinatorial/Low 
Pin, None 


None 
Pin 


Figure Sa.Combinatorial 
I/O Configuration 
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110 SELECTION 


OUTPUTI 
POLARITY 


D-Register/High 
D-Register/Low 


None 


None 


D-Register, 
Pin, None 


D-Register, 
Pin, None 


D-Registered 


Pin 


D 
an 
an + 1 


0 
0 
0 
0 
1 
0 


1 
0 
1 


1 
1 
1 


SYNCHRONOUS 
ClOCl( 


vcc 
O(/CLK 
SELECT 


110 SELECTION 


OUTPUT IPOLARITY 
FEEDBACK 


T-Register/High 
T-Register/Low 
None 
None 


T-Register, 
Pin, None 
T-Register, 
Pin,'None 


T-Register 
Pin 


T 
an 
an + 1 


0 
0 
0 


0 
1 
1 
1 
0 
1 


1 
1 
0 
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SYNCHRONOUS 


CLOCI( 


vcc 
OE/CUC 
SD.£CT 
OUTPUT/POLARITY 
FEEDBACK 


JK Register/High 
JK Register, 
None 


JK Register/Low 
JK Register, 
None 


None 
JK Register 


I 
I 
I.._------ 


J 
K 
an 
an + 1 


0 
0 
0 
0 


0 
0 
1 
1 


0 
1 
0 
0 


0 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 


1 
1 
0 
1 


1 
1 
1 
0 


S~CHRONOUS 


CLOCI( 


vet 
0£/ctJ( 
sneer 


1/0 SELECTION 


OUTPUT/POLARITY 
FEEDBACK 


SR Register/High 
SR Register/Low 
None 


SR Register, 
None 
SR Register, 
None 
SR Register 


S 
R 
an 
an + 1 


0 
0 
0 
0 


0 
0 
1 
1 


0 
1 
0 
0 


0 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 


1 
1 
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Prior to programming 
or after erasing, 
the 1/0 struc- 
ture is configured 
for combinatorial 
active low output 
with input (pin) feedback. 


Erasure 
characteristics 
of the device 
are such that 
erasure 
begins to occur 
upon exposure 
to light with 
wavelengths 
shorter 
than 
approximately 
4000A. 
It 
should 
be noted 
that 
sunlight 
and certain 
types 
of 
flourescent 
lamps have wavelengths 
in the 3000A- 
4000A. 
Data shows 
that constant 
exposure 
to room 
level f10urescent 
lighting 
could erase the typical 
de- 
vice in approximately 
three years, while it would take 
approximately 
one week to cause erasure 
when ex- 
posed 
to direct 
sunlight. 
If the 
5C060 
is to be ex- 
posed 
to these 
types 
of lighting 
conditions 
for ex- 
tended 
periods 
of time, 
conductive 
opaque 
labels 
should be placed over the device window 
to prevent 
unintentional 
erasure. 


The recommended 
erasure procedure 
for the 5C060 
is exposure 
to 
shortwave 
ultraviolet 
light 
with 
a 
wavelength 
of 2537 A. The integrated 
dose (Le., UV 


intensity 
x exposure 
time) for erasure 
should 
be a 
minimum 
of 
fifteen 
(15) 
Wsec/cm2. 
The 
erasure 


time with this dosage 
is approximately 
15 to 20 min- 
utes using an ultraviolet 
lamp with a 12,000 p.W/cm2 
power 
rating. 
The 
5C060 
should 
be placed 
within 
one inch of the lamp tubes during erasure. The maxi- 
mum integrated 
dose the 5C060 can be exposed 
to 
without 
damage 
is 
7258 
Wsec/cm2 
(1 week 
at 


12,000 p.W/cm2). 
Exposure 
to high intensity 
UV light 


for longer periods 
may cause permanent 
damage 
to 


the device. 


Initially, 
and 
after 
erasure, 
all the 
EPROM 
control 
bits of the 5C060 
are connected 
(in the "1" 
state). 
Each 
of the connected 
control 
bits are selectively 
disconnected 
by programming 
the EPROM cells into 


their "0" 
state. Programming 
voltage 
and waveform 
specifications 
are available 
by request 
from 
Intel to 
support 
programming 
of the 5C060. 


Intelligent 
Programming 
Algorithm 


The 5C060 supports 
the Intelligent 
Programming 
Al- 
gorithm which rapidly programs 
Intel ELPDs using an 
efficient 
and 
reliable 
method. 
The 
Intelligent 
Pro- 
gramming 
Algorithm 
is particularly 
suited to the pro- 
duction 
programming 
environment. 
This method 
en- 
sures 
reliability 
as the incremental 
program 
margin 
of each 
bit is continually 
monitored 
to 
determine 
when the bit has been successfully 
programmed. 


Since 
the 
logical 
operation 
of 
the 
5C060 
is 


controlled 
by EPROM 
elements, 
the device 
is com- 


pletely 
testable. 
Each 
programmable 
EPROM 
bit 


controlling 
the internal 
logic is tested 
using applica- 


tion-independent 
test 
program 
patterns. 
After 
test- 


ing, the devices 
are erased 
before 
shipment 
to cus- 


tomers. 
No post-programming 
tests 
of the EPROM 


array are required. 


The testability 
and reliability 
of EPROM-based 
pro- 


grammable 
logic 
devices 
is an 
important 
feature 


over 
similar 
devices 
based 
on 
fuse 
technology. 


Fuse-based 
programmable 
logic 
devices 
require 
a 


user 
to perform 
post-programming 
tests 
to 
insure 


proper 
programming. 
These 
tests 
must 
be done 
at 


the device 
level 
because 
of the cummulative 
error 


effect. 
For example, 
a board containing 
ten devices 


each possessing 
a 2% device 
fallout 
translates 
into 


an 18% fallout at the board level (it should be noted 
that programming 
fallout 
of fuse-based 
programma- 


ble logic devices 
is typically 
2% or higher). 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins be constrained 
to the voltage 


range GND < (VIN or VOUT) < Vcc. 
Unused 
inputs 


and 1/05 should 
be tied to Vcc 
or GND to minimize 


device 
power 
consumption. 
Reserved 
pins (as indi- 


cated 
in the logic compiler 
REPORT 
file) should 
be 


left floating 
(no connect) 
so that the pin can attain 


the appropriate 
logic level. 
A power 
supply 
decou- 


piing capacitor 
of at least 0.2 p.F must be connected 


directly 
between 
Vcc 
and GND pins of the device. 


As with all CMOS devices, 
ESD handling 
procedures 


should 
be used with the 5C060 to prevent 
damage 


to the 
device 
during 
programming, 
assembly, 
and 


test. 


A single 
EPROM 
bit provides 
a programmable 
de- 


sign security 
feature 
that controls 
the access 
to the 


data programmed 
into the device. 
If this bit is set, a 


proprietary 
design 
within the device 
cannot 
be cop- 


ied. This 
EPROM 
security 
bit enables 
a higher 
de- 


gree 
of design 
security 
than 
fused-based 
devices 
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since programmed 
data within EPROM cells is invisi- 
ble even to microscopic 
evaluation. 
The EPROM se- 


curity 
bit, along 
with 
all the 
other 
EPROM 
control 


bits, will be reset by erasing 
the device. 


The SC060 contains 
a programmable 
bit, the Turbo 


Bit, that optimizes 
operation 
for speed 
or for power 


savings. 
When 
the 
Turbo 
Bit 
is 
programmed 


(TURBO 
= ON), the device 
is optimized 
for maxi- 


mum speed. When the Turbo 
Bit is not programmed 


(TURBO 
= OFF), the device 
is optimized 
for power 


savings 
by entering 
standby 
mode during periods 
of 


inactivity. 


Figure 
6 shows 
the device 
entering 
standby 
mode 


approximately 
100 ns after the last input transition. 
When 
the next input transition 
is detected, 
the de- 


vice returns 
to active 
mode. 
Wakeup 
time adds an 


additional 
2S ns to the 
propagation 
delay 
through 


the device 
as measured 
from the first input. No de- 


lay will occur if an output is dependent 
on more than 


one input and the last of the inputs changes 
after the 


device 
has returned 
to active 
mode. 


After erasure, the Turbo Bit is unprogrammed 
(OFF); 
automatic 
standby 
mode is enabled. 
When the Tur- 


bo Bit is programmed 
(ON), the device 
never enters 


standby 
mode. 


All of the 
input, 
I/O, 
and 
clock 
pins of the SC060 


have been designed 
to resist latch-up which is inher- 


fiRST 
INPUT 


OR I/O 


LAST 
INPUT 


ORI/o 


ent in inferior 
CMOS 
structures. 
The 
SC060 
is de- 


signed 
with Intel's 
proprietary 
CHMOS 
II-E EPROM 


process. 
Thus, each of the pins will not experience 


latch-up 
with currents 
up to ± 100 mA and voltages 


ranging from 
-1V 
to (VCC + 1V). Furthermore, 
the 


programming 
pin is designed 
to resist latch-up 
to the 


13.SV maximum 
device 
limit. 


Full logic 
compilation 
and functional 
simulation 
for 


the 
SC060 
is supported 
by PLDshell 
Plus™ 
soft- 


ware. 
The 
GUPI 
Logic-11 D provides 
programming 


support 
on Intel programmers. 


PLDshell 
Plus™ 
design 
software 
is 
Intel's 
new, 


user-friendly 
design 
tool for /l-PLD design. 
PLDshell 


Plus allows 
users to incorporate 
their preferred 
text 


editor, programming 
software, 
and additional 
design 


tools 
into an easy-to-use, 
menued 
design 
environ- 


ment that includes 
Intel's 
PLDasm™ 
logic compiler 


and 
simulation 
software 
along 
with 
disassembly, 


conversion, 
and 
translation 
utilities. 
The 
PLDasm 


compiler 
and 
simulator 
software 
accepts 
industry- 


standard 
PDS source 
files that 
express 
designs 
as 


Boolean 
equations, 
truth tables, 
or state 
machines. 


On-line 
help, data sheet 
briefs, technical 
notes, 
and 


error 
message 
information, 
along 
with 
waveform 


viewing/printing 
capability 
make the design 
task as 


easy as possible. 
PLDshell 
Plus software 
is available 


from Intel Literature 
channels 
or from your local Intel 


sales representative. 


ACTIVE MODE 


lee 


simulation 
for the 5C060 are available. 
Support 
un'":: 
der iPLS II is still available. 
Please refer to the "De- 
velopment 
Tools" 
section 
of the Programmable 
Log- 


ic Handbook. 


The 
5C060' 
is also 
supported 
by third-party 
logic 
compilers 
such 
as 
ABEL', 
CUPL', 
PLDesigner', 
Log/IC', 
etc. 
Programming 
support 
is provided 
by 


third-party 
programmer 
companies 
such 
as 
Data 
I/O, Logical 
Devices, 
STAG, etc. Please refer to the 


"Third-Party 
Support" 
lists 
in 
the 
Programmable 


Logic 
handbook 
for complete 
information 
and ven- 


dor contacts. 


tpD 
teo 
fMAX 
Order 
Package 
'Operatlng 


(ns) 
(ns) 
(MHz) 
Code 
Range 


45 
22 
26 
D5C060-45 
CERDIP 
Commercial 


P5C060-45 
PDIP 


N5C060-45 
PLCC 


55 
25 
23 
D5C060-55 
CERDIP 
Commercial 


P5C060-55 
PDIP 


N5C060-55 
PLCC 


'Abel is a trademark of Data I/O, Corp. CUPl is a trademark of logical Devices, Inc. PlDesigner is a trademark of MINC, Inc. 
log/IC 
is a trademark of ISDATA, Inc. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage(1) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(1) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


tSlg 
Storage Temperature 
-65 
+150 
'C 


tamb 
Ambient Temperature(3) 
-10 
+85 
·c 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. During transitions, the inputs may undershoot to -2.0V or overshoot to 7.0V for periods less 
than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also available. 


Symbol 
Parameter 
Min 
Max 
Unit 


Vcc 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
VCC 
V 


Va 
Output Voltage 
0 
VCC 
V 


TA 
Operating 
Temperature 
0 
+70 
'C 
tR(4) 
Input Rise Time 
500 
ns 
tF(4) 
Input Fall Time 
500 
ns 


NOTE: 
4. tR, tF for ClK is 250 ns max. 


Description 
Specification 
oJA-Junction-to-Ambient 
Thermal 
Resistance 
54'C/VV~erDIP 
67"C/VV-PDIP 
61'C/VV-PLCC 


OJc-Junction-to-Case 
Thermal 
Resistance 
17"C/VV~erDIP 
2?C/VV-PDIP 
20'C/VV-PLCC 


Icc Hot-Ambient 
@70'C 
BOmA 


ICC Typical-Ambient 
@25'C 
BOmA 


Process 
CHMOS 
liE, PX 24 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Unit 


VIH(5) 
HIGH Level Input Voltage 
2.0 
Vcc 
+ 0.3 
V 


Vll(5) 
LOVV Level Input Voltage 
-0.3 
O.B 
V 


VOH(6) 
HIGH Level Output Voltage 
10 = -4.0 
mA DC, VCC = Min. 
2.4 
V 


Val 
LOVV Level Output Voltage 
10 = 4.0 mA DC, Vcc = Min. 
0.45 
V 


II 
Input Leakage 
Current 
Vcc = Max., GND < VIN < VCC 
±10.0 
p.A 


10l 
Output Leakage Current 
VCC = Max., GND < VOUT < Vcc 
±10.0 
p.A 


Isel7) 
Output Short Circuit Current 
Vcc = Max., VOUT = 0.5V 
20 
30 
mA 


IS6(8) 
Standby 
Current (Standby) 
Vcc = Max., VIN = Vcc or GND 
50 
100 
p.A 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


Icc 
Power Supply Current 
Vcc = Max., 
No Load, 
10 
15 
mA 
(Active) (Turbo Bit Off) 
VIN = VCC or GND 
Input Freq. = 1 MHz 
Device Prog. as 16-Bit Ctr. 
(See Icc vs. Freq. Graph.) 


NOTES: 
5. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
6.10 at CMOS levels (3.84V) = -2 
mA. 


7. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second. 
8. With Turbo Bit Off, device automatically enters standby mode approximately 100 ns after last input transition. 


3'°-.:i20 
~O 
INPUT 
. > TEST POINTS -< 
. 
° 
.0.8 
. 
0.8 
8SSA 


DEVICE 
TO TEST 
OUTPUT 
SYSTEM 


341 A 
cd INCLUDESJIG 
CAPACITANCE) 
OUTPUT 
1~ 
-TEST 
POINTS-~ 


290194-14 


A.C. Testing: 
Inputs 
are Driven 
at 3.0V for a Logic 
"1" 
and OV for 


a Logic "0". Timing 
Measurements 
are made 
at 2.0V for a Logic 


"1" 
and 0.8V for a Logic "0" on inputs. 
Outputs 
are measured 
at 


a 1.5V point. 
Device 
input 
rise and fall times 
< 6 ns. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = OV, f = 1.0 MHz 
20 
pF 


COUT 
Output Capacitance 
VOUT = OV, f = 1.0 MHz 
20 
pF 


CCLK 
Clock Pin Capacitance 
VIN = OV, f = 1.0 MHz 
20 
pF 


Cvpp 
Vpp Pin 
CLK2 on 5C060, f = 1.0 MHz 
50 
pF 


Device 


5C060-45 
5C060-55 
Non·(tt) 


Symbol 
From 
To 
EP600-3 
EP600 
Turbo 
Unit 
Mode 


Min 
Typ 
Max 
Min 
Typ 
Max 


tpD1 
Input 
Comb. Output 
43 
53 
+25 
ns 


tPD2 
I/O 
Comb. Output 
45 
55 
+25 
ns 


tpZX(10) 
lor 
I/O 
Output 6nable 
45 
55 
+25 
ns 


tpXZ(10) 
lor 
I/O 
Output Disable 
45 
55 
+25 
ns 


teLR 
Asynch. 
Reset 
a Reset 
45 
55 
+25 
ns 


NOTES: 
9. Typical Values are at TA = 25°C, VCC = 5V, Active Mode. 
10. tpzx and tpxz are measured at ±0.5V from steady state voltage as driven by spec. output load. tpxz is measured with 
CL = 5 pF. 
". 
If device is operated with Turbo Bit Off (Non-Turbo Mode), and the device has been inactive for approx. 100 ns, increase 
time by amount shown. 
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SYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTIC 
TA = O·C to 70·C, Vcc 
= 5.0V ± 5%, Turbo 
Bit On(9) 


Device 


5C060·45 
5C060·55 
Non-(11) 


Symbol 
Parameter 
EP600-3 
EP600 
Turbo 
Unit 


Mode 
Min 
Typ 
Max 
Min 
Typ 
Max 


tMAX 
Max. Frequency 
(Pipelined) 
26.3 
23.3 
MHz 


(1/tsu-No 
Feedback) 


tCNT 
Max. Count Frequency 
22.2 
18.2 
MHz 


(1/tCNT-With 
Feedback) 


tSU1 
Input Setup Time to CLK 
36 
41 
+25 
ns 


tSU2 
I/O Setup Time to ClK 
38 
43 
+25 
ns 


tH 
I or I/O Hold after ClK 
High 
0 
0 
ns 


tco 
ClK 
High to Output Valid 
22 
25 
ns 


tCNT 
Register 
Output Feedback 
45 
55 
+25 
ns 


to Register 
Input-Internal 
Path 


teH 
ClK 
High Time 
17.5 
21.5 
ns 


tCL 
ClK 
low 
Time 
17.5 
21.5 
ns 


ASYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTICS 
TA = O·C to 70·C, Vcc = 5.0V ± 5%, Turbo 
Bit On(8) 


Device 


5C060-45 
5C060·55 
Non-(11) 


Symbol 
Parameter 
EP600-3 
EP600 
Turbo 
Unit 


Mode 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


fACNT 
Max. Count Frequency 
22.2 
18.2 
MHz 


(1/tACNT-With 
Feedback) 


tASU1 
Input Setup Time to 
10 
10 
+25 
ns 


Asynch. Clock 


tASU2 
I/O Setup Time to 
12 
12 
+25 
ns 


Asynch. Clock 


tAH 
Input or I/O Hold After 
15 
15 
ns 


Asynch. Clock 


tACO 
Asynch. 
ClK 
to Output Valid 
50 
58 
+25 
ns 


tACNT 
Register 
Output Feedback 
45 
55 
+25 
ns 


to Register 
Input-Internal 
Path 


tACH 
Asynch. ClK 
High Time 
17.5 
21.5 
+25 
ns 


tACL 
Asynch. ClK 
low 
Time 
17.5 
21.5 
+25 
ns 


(FROM REGISTER 
TO OUTPUT) 


HIGH IMPEDANCE 


3-STATE 


HIGH IMPEDANCE 


3 - STATE 
r 


tpzx 


j;=tCH=J 


CLK1.CLK2J 
1\ 
... 


(FROM REGISTER 
TO OUTPUT) 
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"SYN. 
CLOCK 
INPUT 


(FROM REGISTER 
TO OUTPUT) 


5C060 
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Vcc 
= 5.0V 
One output 
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2~MAeROeELLeHMOSEPLD 
• High-Performance 
LSI Semi-Custom 
• Programmable 
Clock System 
with 2 


Logic Alternative 
to Low-End 
Gate 
Synchronous 
Clocks 
and Asynch- 


Arrays, 
TTL, and 74HC SSI and MSI 
ronous Clocking 
Option 
on all 


Logic 
Registers 
• 24 Macrocells 
with Programmable 
I/O 
• Programmable 
Security 
Bit Allows Total 


Architecture; 
Up to 36 Inputs (12 
Protection 
of Proprietary 
Designs 
Dedicated, 
24 I/O) 
or 24 Outputs 
• CHMOS 
EPROM Technology 
Based. 
UV 
• Programmable 
Output 
Registers. 
Can 
Erasable 
(CerDIP) 
or OTP 
be Configured 
as D, T, SR, or JK Types 
• Programmable 
Low Power Option; 
• tpD (max) 50 ns, 26.3 MHz Pipelined, 
50 J-LATypical 
Standby 
Current 


20 MHz w/Feedback 
• 100% Generically 
Tested 
Logic Array 
• 8 P-Terms, 
Selectable 
SOP Invert, Clear 
• 100% Compatible 
with EP900 
and OE P-Terms 
for Each Macrocell 
• 40-Pin CerDIP/PDIP 
and 44-Pin PLCC 


Packages 


(See Packaging Specification,Order Number 240800, 
Package Type D, P, and N) 
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Figure 1. SC090 Pin Configurations 
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The 
Intel 
SC090 
EPLD 
(Erasable 
Programmable 


Logic Device) is a 24-macrocell, 
40-pin, general-pur- 
pose device. The device can be used to replace 
low- 


end gate arrays, multiple 
programmable 
logic arrays 


and LS TIL 
and 74HC 
(CMOS) 
SSI and MSI logic 


devices. 
With its revolutionary 
programmable 
I/O ar- 
chitecture, 
the device 
has advanced 
functional 
ca- 


pabilities 
beyond 
that of typical 
programmable 
logic. 


Figure 2 shows the global architecture 
of the de.vice. 


The 
SC090 
EPLD 
uses 
CHMOS 
EPROM 
(floating 


gate) cells as logic control 
elements 
instead 
of fus- 
es. The CHMOS 
EPROM technology 
reduces 
power 


consumption 
of EPLDs to less than 20% 
of a com- 


parable 
bipolar 
device without 
sacrificing 
speed per- 
formance. 
In addition, 
Intel's 
advanced 
CHMOS 
II-E 


EPROM 
process 
technology 
enables 
greater 
logic 


densities 
to be achieved 
with 
superior 
speed 
and 


low-power 
performance 
over other 
comparable 
de- 
vices. 
Intel's 
ELPDs 
add 
the 
benefits 
of 
"zero" 
stand-by 
power 
not available 
on other 
programma- 


ble logic devices. 
EPROM 
technology 
allows 
these 


devices 
to be 100% 
factory 
tested 
by programming 


and erasing 
all the EPROM 
logic control 
elements. 


The architecture 
of the SC090 is based on the "Sum 


of Products" 
PLA (Programmable 
Logic Array) struc- 


ture with a programmable 
AND array feeding 
into a 


fix~d OR array. The device accommodates 
combina- 


tional 
and sequential 
logic functions. 
A proprietary 


programmable 
I/O 
architecture 
provides 
individual 


selection 
of either combinatorial 
or registered 
output 


and feedback 
signals all with selectable 
polarity. 


A feature 
unique to the SC090 is the ability to individ- 


ually program 
the output registers 
as a D-, T-, SR-, or 


JK-type 
Flip-Flop 
without 
sacrificing 
the utilization 
of 


programmable 
AND 
logic. Additionally, 
each 
output 


register 
can be individually 
clocked 
from any of the 


input or feedback 
paths available 
within the AND ar- 


ray. With these features, 
a wide variety of logic func- 


tions 
can 
be 
simultaneously 
implemented-all 
on 


the same device. 


The 
SC090 
has 
12 dedicated 
inputs, 
24 I/O 
pins 


which may be configured 
for input, output, or bidirec- 


tional 
operations, 
and 2 synchronous 
clock 
inputs. 


The SC090 is packaged 
in a 40-lead 
windowed 
ce- 
• 


ramic 
DIP 
or 
44-lead 
plastic 
leaded 
chip 
carrier 


package 
and contains 
24 programmable 
registers. 


The 
basic 
Macrocell 
architecture 
for the 
SC090 
is 


shown 
in Figure 3. The SC090 has 24 of these mac- 


rocells (one for each I/O pin). The Macrocell 
is orga- 


nized in the familiar 
sum-of-products 
structure 
with a 


programmable 
AND 
array 
attached 
to a fixed 
OR 


term. 
The 
inputs 
to the 
programmable 
AND 
array 


originate 
from the true and complement 
signals from 


each of the dedicated 
input pins and each of the I/O 


control 
blocks. 


The AND array for the SC090 has 72 inputs derived 
from 
the true and complement 
signals 
at the input 


and I/O 
pins. The AND array in the SC090 encom- 


passes 
240 
product 
terms 
which 
are 
distributed 


among 
the 24 Macrocells. 
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The 
Macrocells 
contain 
ten 
product 
terms 
total. 


Eight of the ten product 
terms (AND gates) are dedi- 


cated for logic implementation. 
One product 
term on 


each 
Macrocell 
is used 
for 
RESET 
control 
to the 


output 
register 
associated 
with the 
Macrocell. 
The 
final 
product 
term 
is used 
for OUTPUT 
ENABlE/ 


Asynchronous 
Clock implementation. 


Within 
the AND array, there 
is an EPROM 
connec- 


tion at every intersection 
of an input signal (true and 
complement) 
and a product 
term to a given Macro- 
. 


cell. 
Before 
programming 
an erased 
device, 
every 
EPROM 
connection 
is made 
at every 
intersection. 
But during the programming 
process, 
these connec- 
tions 
are opened 
so that only the desired 
connec- 


tions 
remain. 
Therefore, 
the true or complement 
of 


any input 
signal 
can be connected 
to any product 
term. 
If both the true and complement 
connections 


of any signal are left intact, a logical false results on 
the output of the AND gate. However, 
if both the true 


and complement 
connections 
are open, then a logic 


"don't 
care" 
results 
on the AND 
gate. 
lastly, 
if all 


the inputs of a product 
term arc programmed 
open, 


then a logical true results 
on the output 
of the AND 


gate. 


The SC090 
has two dedicated 
clock 
inputs 
to pro- 
vide synchronous 
clock signals to the internal 
regis- 
ters. Each of the clock signals controls 
half the total 


registers 
within the given device. 
For example, 
ClK1 


provides 
synchronous 
clocking 
to the 
registers 
in 


Macrocells 
in the 
left half of the array while 
ClK2 


controls 
the registers 
associated 
with Macrocells 
in 


the right half of the array. The advanced 
I/O archi- 


tecture 
allows for any number 
of the registers 
to be 


synchronously 
clocked 
(from 
none 
to all). 
Both 
of 


the dedicated 
clock inputs latch the data into a given 


register 
when triggered 
on a positive 
edge. 


MACROCELL 
ARCHITECTURE 


SELECTION 


The 
SC090 
architecture 
provides 
each 
Macrocell 


with over 50 different 
possible 
I/O register 
configu- 


rations. 
Each I/O pin can be configured 
for combina- 


torial or registered 
output 
(true or complement) 
with 


feedback. 
In addition, 
four different 
types 
of output 


registers 
can 
be 
implemented 
into 
every 
I/O 
pin 


without 
any additional 
logic requirements. 
The feed- 


back 
mechanism 
for 
each 
register 
back 
into 
the 


AND array can be programmed 
to provide 
for either 


registered 
feedback 
from 
the 
Macrocell 
or 
input 


feedback 
(treating 
the pin as an input). Another 
ad- 


vantage 
of the advanced 
I/O capability 
of the SC090 


is the ability to individually 
clock each internal 
regis- 


ter from asynchronous 
clock 
signals. 


Two 
modes 
of 
operation 
are 
provided 
by 
the 


OE/ClK 
Select 
Multiplexer 
as a part of each Macro- 


cell. One mode provides 
for three-state 
buffering 
of 


outputs 
while in the other 
mode, the outputs 
are al- 


ways enabled. 
The operation 
of the OE/ClK 
Select 


Multiplexer 
sets the mode within 
a given Macrocell. 


Therefore, 
the output 
mode can be selected 
individ- 


ually 
on every 
output. 
Figure 
4 illustrates 
the 
two 


modes 
of OE/ClK 
operation. 


In Mode 0, the three-state 
output buffer is controlled 


by a single 
product 
term 
originating 
from 
the AND 


array. The output 
is enabled 
when the product 
term 


is a logical 
true. Conversely, 
the output 
appears 
as 


high impedance 
when 
the product 
term 
is a logical 


false as shown 
in Table 
1. In Mode 0, the Macrocell 


Flip-Flop 
is connected 
to its associated 
synchronous 


clock 
(either 
ClK1 
or ClK2 
depending 
upon 
the 


Macrocell's 
location 
within 
the 
device). 
Thus, 
the 


Macrocell 
Flip-Flop 
may be clocked 
by its respective 


synchronous 
clock 
but 
its output 
will 
not 
become 


valid until the output 
is enabled. 


Product Term 
Output 
Buffer 


FALSE 
Three-State 


TRUE 
Enabled 


In Mode 
1, the Output 
Buffer 
is always 
enabled. 
In 


addition, 
the Macrocell 
Flip-Flop 
is connected 
to the 


AND array. The Macrocell 
Flip-Flop 
may now be trig- 


gered from an asynchronous 
clock signal generated 


by the AND array logic to the OE/ClK 
multiplexable 
term. 
Mode 
1 allows 
the Macrocell 
Flip-Flops 
to be 


individually 
clocked 
from any of the available 
signals 


in the AND array. Since 
both true and complement 


values 
appear 
in the AND 
array, the Flip-Flop 
may 


be clocked 
by positive-or 
negative-going 
signals 
at 


any input pin. Gated clock structures 
can be created 


since 
the 
Flip-Flop 
clock 
is created 
by a product 


term. 


The 
Invert 
Select 
EPROM 
bit is used to invert 
the 


product 
term input into the register. 
This applies 
to 


all inputs including 
double 
inputs on the JK and SR 


registers. 
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SYNCHRONOUS 
CLOCK 


VCC 


SYNCHRONOUS 
CLOCK 


VCC 


CLK - 
SYNCHRONOUS 


CLK 


CLK - ASYNCHRONOUS 


CLK 


MODE 1 


Figure 4. Output 
Enable/Clock 
Configuration 
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The advanced 
I/O architecture 
of the 5C090 allows 


four different 
register types along with combinatorial 
output as illustrated 
in Figure 5a through 
e. The reg- 
ister types 
include 
a T, D, JK, or SR Flip-Flop 
and 


each Macrocell 
I/O structure 
may be independently 


configured. 
In addition, 
all registers 
have an individu- 
al asynchronous 
RESET 
control 
from 
a dedicated 


product 
term 
derived 
in the AND 
array. 
When 
this 


dedicated 
product 
term is a logical 
one, the Macro- 
cell register 
is immediately 
cleared 
to a logical 
zero 


independent 
of the register 
clock. The RESET func- 
tion occurs 
automatically 
on power-up. 


The four different 
register 
types 
shown 
in Figure 
5 


are described 
below. 


When either a D- or T-type 
Flip-Flop 
is configured 


as part of the I/O structure, 
all eight of the product 


terms 
into the Macrocell 
are ORed 
together 
and 


fed into the register 
input. 


,,,, 
-- ------------------------------_. 


When either a JK or SR register 
is configured, 
the 


eight 
product 
terms 
are shared 
among 
two 
OR 


gates 
(one for the J or S input and the other 
for 


the K or R input). The allocation 
for these 
product 


terms 
for each of the register 
inputs 
is optimized 


by the iPLDS II development 
software. 


The Output Select 
Multiplexer 
allows for either regis- 


tered, 
combinatorial 
or no output. 


The 
Feedback 
Select 
Multiplexer 
EPROM 
bit en- 


ables registered, 
I/O 
(using the pin for bidirectional 


input or just input), or no feedback 
to the AND array. 


The Feedback 
Select 
is also 
important 
for building 


product 
terms 
with 
more 
than 
8 products. 
The 
8- 


product 
product 
term of a Macrocell 
can be fed back 


into the AND array and combined 
with still more sig- 


nals to create 
a much larger product 
term 
(of more 


than 
8-inputs). 
In addition, 
if the feedback 
product 


term 
is not to be output, 
then the iPLDS 
II will re- 


serve the associated 
Macrocell 
pin and indicate 
it in 


the REPORT 
file. A reserved 
pin should be left float- 


ing 
(no 
connect) 
when 
assembled 
onto 
a circuit 


board. 


Any I/O pin may be configured 
as a dedicated 
input 


by selecting 
no output and pin feedback 
through 
the 


appropriate 
multiplexers. 


OUTPUT IPOLARITY 
FEEDBACK 


Combinatorial/High 
Pin, None 


Combinatorial/Low 
Pin, None 


None 
Pin 


Figure 
5a. Combinatorial 
1/0 Configuration 
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1/0 SELECTION 


OUTPUTI 
POLARITY 


SYHCHIlOflOUS 
CLOCK 


vec 
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D-Register/High 
D-Register/Low 
None 
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OE/elK 
SELECT 
OUTPUT IPOLARITY 
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Figure 5c. Toggle 
Flip-Flop 
Register 
Configuration 
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1/0 SELECTION 


OUTPUT/POLARITY 
FEEDBACK 
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Figure 5e. SR Flip-Flop 
Register 
Configuration 
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Prior to programming 
or after erasing, the 1/0 struc- 


ture is configured 
for combinatorial 
active low output 


with input (pin) feedback. 


Erasure 
characteristics 
of the device 
are such that 


erasure 
begins to occur 
upon exposure 
to light with 


wavelengths 
shorter 
than 
approximately 
4000A. 
It 


should 
be noted 
that 
sunlight 
and certain 
types 
of 


f10urescent 
lamps 
have wavelengths 
in the 
3000- 


4000A. 
Data shows 
that constant 
exposure 
to room 


level flourescent 
lighting 
could erase the typical 
de- 


vice in approximately 
three years, while it would take 


approximately 
one week to cause/erasure 
when ex- 


posed 
to direct 
sunlight. 
If the 5C090 
is to be ex- 


posed 
to these 
types 
of lighting 
conditions 
for ex- 


tended 
periods 
of time, 
conductive 
opaque 
labels 


should be placed over the device window 
to prevent 


unintentional 
erasure. 


The recommended 
erasure procedure 
for the 5C090 


is 
exposure 
to 
shortwave 
ultraviolet 
light 
with 
a 


wavelength 
of 2537 A. The integrated 
dose (i.e., UV 


intensity 
x exposure 
time) for erasure 
should 
be a 


minimum 
of 
fifteen 
(15) 
Wsecl cm2. 
The 
erasure 


time with this dosage 
is approximately 
15 to 20 min- 


utes using an ultraviolet 
lamp with a 12,000 ,..,W/cm2 


power 
rating. 
The 
5C090 
should 
be placed 
within 


one inch of the lamp tubes during erasure. The maxi- 
mum integrated 
dose the 5C090 can be exposed 
to 


without 
damage 
is 
7258 
Wsec/cm2 
(1 
week 
at 


12,000 ,..,W/cm2). Exposure 
to high intensity 
UV light 


for longer periods 
may cause permanent 
damage 
to 


the device. 


Initially, 
and 
after 
erasure, 
all the 
EPROM 
control 


bits of the 5C090 
are connected 
(in the "1" 
state). 


Each 
of the connected 
control 
bits are selectively 


disconnected 
by programming 
the EPROM cells into 


their "0" 
state. 
Programming 
voltage 
and waveform 


specifications 
are available 
by request 
from 
Intel to 


support 
programming 
of the 5C090. 


Intelligent 
Programming 
Algorithm 


The 5C090 supports 
the Intelligent 
Programming 
Al- 


gorithm which rapidly programs 
Intel ELPDs using an 


efficient 
and 
reliable 
method. 
The 
Intelligent 
Pro- 


gramming 
Algorithm 
is particularly 
suited to the pro- 
duction 
programming 
environment. 
This 
method 
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when the bit has been successfully 
programmed. 


Since 
the 
logical 
operation 
of 
the 
5C090 
is 


controlled 
by EPROM 
elements, 
the device 
is com- 


pletely 
testable. 
Each 
programmable 
EPROM 
bit 


controlling 
the internal 
logic is tested 
using applica- 


tion-independent 
test 
program 
patterns. 
After 
test- 


ing, the devices 
are erased 
before 
shipment 
to cus- 


tomers. 
No post-programming 
tests 
of the EPROM 


array are required. 


The testability 
and reliability 
of EPROM-based 
pro- 
2 


grammable 
logic 
devices 
is an 
important 
feature 


over 
similar 
devices 
based 
on 
fuse 
technology. 


Fuse-based 
programmable 
logic 
devices 
require 
a 


user 
to perform 
posl-programming 
tests 
to 
insure 


proper 
programming. 
These 
tests 
must be done 
at 
the device 
level 
because 
of the cummulative 
error 


effect. 
For example, 
a board containing 
ten devices 


each possessing 
a 2% device 
fallout translates 
into 


an 18% fallout at the board level (it should be noted 
that programming 
fallout 
of fuse-based 
programma- 


ble logic devices 
is typically 
2% or higher). 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins be constrained 
to the voltage 


range GND < (VIN or VOUT) < Vcc. 
Unused 
inputs 


and II0s should 
be tied to Vcc 
or GND to minimize 


device 
power 
consumption. 
Reserved 
pins (as indi- 


cated 
in the logic compiler 
REPORT 
file) should 
be 


left floating 
(no connect) 
so that the pin can attain 


the appropriate 
logic 
level. A power 
supply 
decou- 


piing capacitor 
of at least 0.2 ,..,Fmust be connected 


directly 
between 
Vcc 
and GND pins of the device. 


As with all CMOS devices, 
ESD handling 
procedures 


should 
be used with the 5C090 to prevent 
damage 


to the 
device 
during 
programming, 
assembly 
and 


test. 


A single 
EPROM 
bit provides 
a programmable 
de- 


sign security 
feature 
that controls 
the access 
to the 


data programmed 
into the device. 
If this bit is set, a 


proprietary 
design within 
the device 
carl not be cop- 


ied. This EPROM 
security 
bit enables 
a higher 
de- 


gree 
of design 
security 
than 
fused-based 
devices 
since programmed 
data within EPROM cells is invisi- 
ble even to microscopic 
evaluation. 
The EPROM se- 
curity 
bit, along 
with 
all the 
other 
EPROM 
control 
bits, will be reset by erasing 
the device. 


The 5C090 contains 
a programmable 
bit, the Turbo 
Bit, that optimizes 
operation 
for speed 
or for power 
savings. 
When 
the 
Turbo 
Bit 
is 
programmed 
(TURBO 
= ON), the device 
is optimized 
for maxi- 
mum speed. When the Turbo Bit is not programmed 
(TURBO 
= OFF), the device 
is optimized 
for power 
savings 
by entering 
standby 
mode during periods 
of 


inactivity. 


Figure 
6 shows 
the device 
entering 
standby 
mode 
approximately 
100 ns after the last input transition. 


When 
the next input transition 
is detected, 
the de- 
vice returns 
to active 
mode. 
Wakeup 
time adds an 
additional 
25 ns to the 
propagation 
delay 
through 
the device 
as measured 
from the first input. No de- 


lay will occur if an output is dependent 
on more than 
one input and the last of the inputs changes 
after the 


device 
has returned 
to active 
mode. 


After erasure, the Turbo Bit is unprogrammed 
(OFF); 


automatic 
standby 
mode is enabled. 
When the Tur- 
bo Bit is programmed 
(ON), the device 
never enters 


standby 
mode. 


All of the 
input, 
I/O, 
and clock 
pins of the 
5C090 
have been designed 
to resist latch-up which is inher- 


FIRST 
INPUT 
OR I/O 


LAST 
INPUT 
OR I/O 


ent in inferior 
CMOS 
structures. 
The 
5C090 
is de- 


signed with Intel's 
proprietary 
CHMOS 
II-E EPROM 


process. 
Thus, each of the pins will not experience 


latch-up 
with currents 
up to ± 100 mA and voltages 


ranging 
from 
-1V 
to (Vee + 1V). Furthermore, 
the 


programming 
pin is designed 
to resist latch-up 
to the 


13.5V maximum 
device 
limit. 


Full logic 
compilation 
and functional 
simulation 
for 


the 
5C090 
is supported 
by PLDshell 
Plus™ 
soft- 


ware. 
The 
GUPI 
Logic-11D 
provides 
programming 


support 
on Intel programmers. 


PLDshell 
Plus design 
software 
is Intel's 
new, user- 


friendly 
design 
tool for /LPLD design. 
PLDshell 
Plus 


allows 
users to incorporate 
their preferred 
text edi- 


tor, 
programming 
software, 
and 
additional 
design 


tools 
into an easy-to-use, 
menued 
design 
environ- 


ment that includes 
Intel's 
PLDasm™ 
logic compiler 


and 
simulation 
software 
along 
with 
disassembly, 


conversion, 
and 
translation 
utilities. 
The 
PLDasm 


compiler 
and 
simulator 
software 
accepts 
industry- 


standard 
PDS source 
files that express 
designs 
as 


Boolean 
equations, 
truth tables, 
or state 
machines. 


On-line 
help, data sheet briefs, technical 
notes, and 


error 
message 
information, 
along 
with 
waveform 


viewing/printing 
capability 
make the design 
task as 


easy as possible. 
PLDshell 
Plus software 
is available 


from Intel Literature 
channels 
or from your local Intel 


sales representative. 


STANDBY 
t.40DE 
ISB 
ACTIVE 
t.40DE 


lee 
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Tools 
that 
support 
schematic 
capture 
and 
timing 
simulation 
for the 5C060 are available. 
Support 
un- 
der iPLS II is still available. 
Please refer to the "De- 
velopment 
Tools" 
section of the Programmable 
Log- 


ic Handbook. 


The 
5C090 
is also 
supported 
by third-party 
logic 
compilers 
such 
as 
ABEL'. 
CUPL·. 
PLDesigner, 
Log/IC', 
etc. 
Programming 
support 
is provided 
by 
third-party 
programmer 
companies 
such 
as 
Data 
liD, 
Logical 
Devices, 
STAG, etc. Please refer to the 


"Third-Party 
Support" 
lists 
in 
the 
Programmable 
Logic 
handbook 
for complete 
information 
and ven- 
dor contacts. 


tpD 
tco 
fMAX 
Order 
Package 
Operating 


(n5) 
(n5) 
(MHz) 
Code 
Range 


50 
23 
26.3 
D5C090-50 
CERDIP 
Commercial 


P5C090-50 
PDIP 


N5C090-50 
PLCC 


60 
25 
21.7 
D5C090-60 
CERDIP 
Commercial 


P5C090-60 
PDIP 


N5C090-60 
PLCC 


'ABEL 
is a trademark 
of Data 110, Corporation. 
CUPL is a trademark 
of Logical 
Devices, 
Inc. PLDesigner 
is a trademark 
of 
MINC. 
Inc. Log/lC 
is trademark 
of ISDATA, 
Inc. 
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Symbol 
Parameter 
Min 
Max 
Units 


Vcc 
Supply Voltage(l) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(l) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


tgtg 
Storage Temperature 
-65 
+150 
·c 


tamb 
Ambient Temperature(3) 
-10 
+85 
·c 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the in- 
puts may undershoot to - 2.0V or overshoot to + 7.0V for 
periods less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also 
available. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


RECOMMENDED 
OPERATING 


CONDITIONS 


Symbol 
Parameter 
Min 
Max 
Unit 


Vee 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating Temperature 
0 
+70 
°c 


tA 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


NOTE: 
4. tA, tF for CLK is 250 ns max. 


Description 
Specification 


8JA-Junction-to-Ambient 
Thermal 
Resistance 
36°C/W-CerDIP 
48°C/W-PDIP 
48°C/W-PLCC 


8Jc-Junction-to-Case 
Thermal 
Resistance 
13°C/W-CerDIP 
16°C/W-PDIP 
16'C/W-PLCC 


Ice Hot-Ambient 
@70'C 
90mA 


lec Typical-Ambient 
@25°C 
90mA 


Process 
CHMOS 
liE, PX 24 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


VIH(5) 
HIGH Level Input Voltage 
2.0 
Vee + 0.3 
V 


VIL(5) 
LOW Level Input Voltage 
-0.3 
0.8 
V 


VOH(6) 
HIGH Level Output Voltage 
10 = -4.0 
mA DC, Vee = Min. 
2.4 
V 


VOL 
LOW Level Output Voltage 
10 = 4.0 mA DC, Vec = Min. 
0.45 
V 


I, 
Input Leakage Current 
Vee = Max., GND < VIN < Vee 
± 10.0 
I'-A 


loz 
Output Leakage Current 
Vee = Max., GND < VOUT < Vee 
±10.0 
I'-A 


Isd7) 
Output Short Circuit Current 
Vee = Max., VOUT = 0.5V 
20 
30 
mA 


ISS(8) 
Standby Current 
Vce = Max., 
50 
150 
I'-A 
(Standby) 
VIN = Vee or GND 


. . • 
~ 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


Icc 
Power Supply Current 
Vcc = Max., 
No Load, 
15 
25 
mA 
(Active) (Turbo Bit Off) 
VIN = Vcc or GND 
Input Freq. = 1 MHz 
Device Prog. as Two 12-Bit Ctrs. 
(See Icc vs. Freq. Graph) 


NOTES: 
5. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
6.10 at CMOS levels (3.84V) = -2 
mA. 


7. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second. 
8. With Turbo Bit Off, device automatically enters standby mode approximately 100 ns after last input transition. 


3'°--v20 
vr.o 


INPUT 
0-1\0:8> 
TESTPOINTS-< Ai!. 


OEVICE 
OUTPUT 


34Ul 
OUTPUT 
1~ 
-TEST 
POINTS-~ 


290195-14 


A.G.Testing: 
Inputs 
are Driven 
at 3.0Vfor a Logic 
"1" 
and OVfor 


a Logic "0". Timing 
Measurements 
are made 
at 2.0V for a Logic 
"1" 
and 0.8V for a Logic "0" on inputs. 
Outputs 
are measured 
at 


a 1.5V point. 
Device 
input 
rise and fall times < 6 ns. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = OV, f = 1.0 MHz 
20 
pF 


COUT 
Output Capacitance 
VOUT = OV, f = 1.0 MHz 
20 
pF 


CCLK 
Clock Pin Capacitance 
VIN = OV, f = 1.0 MHz 
20 
pF 


Cvpp 
Vpp Pin 
CLK2 on 5C090, f = 1.0 MHz 
80 
pF 


Device 


SC090·S0 
SC090·50 
Non-(11) 
Symbol 
From 
To 
EP900·2 
EP900 
Turbo 
Unit 


Mode 


Min 
Typ 
Max 
Min 
Typ 
Max 


tpD1 
Input 
Comb. Output 
45 
55 
+25 
ns 


tpD2 
I/O 
Comb. Output 
50 
60 
+25 
ns 


tpZX(10) 
lor 
I/O 
Output Enable 
50 
60 
+25 
ns 


tpXZ(10) 
lor 
I/O 
Output Disable 
50 
60 
+25 
ns 


tCLA 
Asynch. 
Reset 
Q Reset 
50 
60 
+25 
ns 


NOTES: 
9. Typical Values are at TA = 25°C, VCG = 5V, Active Mode. 
10. tpzx and tpxz are measured at ± 0.5V from steady state voltage as driven by spec. output load. tpxz is measured with 
CL = 5 pF. 
11. If device is operated with Turbo Bit Off (Non-Turbo Mode) and the device has been inactive for approx. 100 ns, increase 
time by amount shown. 
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SYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTIC 


TA = O·C to 70·C, Vcc = 5.0V ± 5%, Turbo 
Bit On(9) 


Device 


5C090-50 
5C090-60 


Non-(11) 


Symbol 
Parameter 
EP900-2 
EP900 
Turbo 
Unit 


Mode 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


fMAX 
Max. Frequency 
(Pipelined) 
26.3 
21.7 
MHz 
(1/tsu-No 
Feedback) 


fCNT 
Max. Count Frequency 
20 
16.7 
MHz 
(1/teNT-With 
Feedback) 


tSU1 
Input Setup Time to ClK 
36 
43 
+25 
ns 


tSU2 
1/0 Setup Time to ClK 
38 
46 
+25 
ns 


tH 
I or 1/0 Hold after ClK 
High 
0 
0 
ns 


tea 
ClK 
High to Output Valid 
23 
25 
ns 


teNT 
Register 
Output Feedback 
50 
60 
+25 
ns 


to Register 
Input-Internal 
Path 


tCH 
ClK 
High Time 
17.5 
23 
ns 


tCL 
ClK 
low 
Time 
17.5 
23 
ns 


ASYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTICS 


TA = O·C to 70·C, Vcc = 5.0V ± 5%, Turbo 
Bit On(8) 


Device 


5C090-50 
5C090-60 


Non-(11) 


Symbol 
Parameter. 
EP900-2 
EP900 
Turbo 
Unit 
Mode 


Min 
Typ 
Max 
Mln 
Typ 
Max 


fACNT 
Max. Count Frequency 
20 
16.7 
MHz 
(1/tACNT-With 
Feedback) 


tASU1 
Input Setup Time to 
10 
10 
+25 
ns 
Asynch. 
Clock 


tASU2 
~O Setup Time to 
13 
15 
+25 
ns 
Asynch. 
Clock 


tAH 
Input or 1/0 Hold After 
15 
15 
ns 
Asynch. 
Clock 


tACO 
Asynch. ClK 
to Output Valid 
48 
59 
+25 
ns 


tACNT 
Register 
Output 
Feedback 
to 
50 
60 
+25 
ns 


Register 
Input-Internal 
Path 


tACH 
Asynch. ClK 
High Time 
17.5 
23 
+25 
ns 


tACL 
Asynch. 
ClK 
low 
Time 
17.5 
23 
+25 
ns 


infel· 


(FROM REGISTER 
TO OUTPUT) 
HIGH IMPEDANCE 


3- 
STATE 


HIGH IMPEDANCE 


3- 
STATE 
r 


tpzx 


r;:::tCH=J 


CLK1,CLK2 --.A' 
1\ 
_ 


(FROM REGISTER 
TO OUTPUT) 
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ASYN. 
CLOCK 
INPUT 


(FROW REGISTER 
TO OUTPUT) 


5C090 
Current 
in Relation 
to Frequency 


200 
180 


160 
140 
<' 
120 
5 
100 


~ 
80 


60 


040 


20 
o 
o 
5 
10 
15 
20 
25 
30 
35 


fo (WHz) 


5C090 
Output 
Drive Current 
in Relation 
to Voltage 


./ 


./ 


./ 
/[7 
I 
II 
II 


100 
1 
50 


C 
20 
~ 
10 
0, 
Q.:; 
0 
~ 


I 
......r---..... 


10L 
ION '\. 


4 


Vo Output 
Voltage 
(v) 


5C090 
tpD Derating 
V5. Capacative 
Loading 


14ns 


12ns 


10n5 


Q:2 
8 ns 


0 
6 ns 
~ 
0 
4ns 
.. 


2 ns 


Ons 


CONDITIONS: 
Tt- = 2S·C, VCC = S.OV 


• 
• 
• 
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Logic Alternative 
for TTL and 74HC SSI 
Configured 
as D, T, SR or JK Types 
and MSI Logic 
with Individual 
Reset Controls 


• 48 Macrocells 
with Programmable 
I/O 
• Low Power; 
100 I-tW Typical 
Standby 
Architecture; 
up to 64 Inputs (16 
Dissipation 
Dedicated, 
48 I/O) 
or 48 Outputs 
• Programmable 
"Security 
Bit" Allows 
• High Speed tpD (max) 70 ns, 20.8 MHz 
Total Protection 
of Proprietary 
Designs 
Pipelined, 
16.1 MHz w/Feedback 
• 100% Generically 
Tested 
Logic Array 
• Dual Feedback 
Signals Allowing 
I/O 
• 68-Pin J-Lead 
Chip Carrier 
Pins to Be Used for Buried Logic and 
(See 
Packaging 
Spec., 
Order 
# 240800-001, 
Dedicated 
Input 
Package 
Type 
N) 
• Programmable 
Clock System 
with Four 
• 100% Compatible 
with EP1800 
Synchronous 
Clocks as well as 
• 


Asynchronous 
Clocking 
Option on All 
Registers 


The Intel 5C180 
EPLD (Erasable 
Programmable 
Logic Device) 
is a CHMOS, 
48-macrocell, 
general-purpose 


PLD. This user-customizable 
Logic Device is available 
in a 68-pin 
PLCC package 
and has the benefits 
of low 


power 
and increased 
flexibility. 


The 5C180 EPLD uses CHMOS 
EPROM (floating gate) cells as logic control 
elements 
instead of fuses. Use of 


Intel's advanced 
CHMOS 
II-E EPROM process 
technology 
enables 
greater 
logic densities 
to be achieved 
with 


superior 
speed 
and power performance. 
The EPROM 
technology 
enables 
these 
devices 
to be 100% 
factory 


tested 
by the programming 
and the erasure 
of all the EPROM 
logic control 
elements 
in the device. 
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The architecture 
of the 5C180 is based on the "Sum 


of Products" 
PLA (Programmable 
Logic Array) struc- 
ture with a programmable 
AND array feeding 
into a 


fixed OR array. The 48 macrocells 
of the 5C180 can 


be partitioned 
into 4 identical 
quandrants 
each con- 
taining 
12 macrocells. 
This device 
makes 
use of a 


segmented 
PLA structure 
with local and global 
bus 


structures 
to provide 
for increased 
performance 
and 


greater 
device 
utilization. 
The 5C180 has unique ar- 


chitectural 
features 
that allow programming 
of all 48 


registers 
to D, T, SR or JK configurations 
without 


sacrificing 
product 
terms. These 
registers 
can be ei- 
ther 
clocked 
asynchronously 
or in banks 
with four 


synchronous 
clocks. 
In addition, 
the 16 global 
mac- 


rocells 
have two independent 
feedback 
paths to the 


array that 
allow 
for buried 
logic implementation 
to- 
gether 
with use of the I/O pin for input functions. 


Externally, 
the 5C180 provides 
12 dedicated 
data in- 


puts, 4 synchronous 
clock 
inputs, 
and 48 I/O 
pins 


which may be individually 
programmed 
for input, out- 


put, or bi-directional 
operation. 


The 
Block 
Diagram 
is shown 
in Figure 
2 with 
pin 


numbers 
for the PLCC package. 
The internal 
archi- 


tecture 
is 
organized 
in 
familiar 
sum-of-products 


(AND-OR) 
structure. 
The 
5C180 
houses 
a total 
of 


480 product 
terms distributed 
among 48 Macrocells. 
The basic Macrocell 
structure 
is shown 
in Figure 3. 
Input and feedback 
signals 
are selectively 
connect- 


ed to product 
terms via EPROM cells. The output of 


the AND 
array 
feeds 
a fixed 
OR gate 
to produce 


sum-of-products 
logic. The final output may be com- 
binatorial 
or registered, 
programmed 
active 
high or 


low. 
Combinatorial, 
registered, 
or pin feedback 
is 


also user-defined. 


The 5C180 
is partitioned 
into 4 identical 
quadrants. 


Each quadrant 
contains 
12 Macrocells. 
Input signals 


to the Macrocells 
come 
from the 5C180 
Local and 


Global bus structures. 
These two buses comprise 
an 


88-input 
AND array for each quadrant. 
The output of 


each 
Macrocell 
feeds 
an I/O 
Architecture 
Control 


Block which contains 
output and feedback 
selection. 


Four 
dedicated 
clock 
inputs 
provide 
synchronous 


clock 
signals 
to the 5C180 
internal 
registers. 
There 


is one 
synchronous 
clock 
per quadrant. 
Therefore 


each 
clock 
signal 
controls 
a bank 
of 12 registers. 
CLK1 
may be connected 
to registers 
in Macrocells 


1-12, 
CLK2 with Macrocells 
13-24, 
CLK3 with Mac- 


rocells 
25-36, 
and 
CLK4 
with 
Macrocells 
37-48. 


With synchronous 
clocks, 
the flip-flops 
are positive 


edge 
triggered. 
Both true and complement 
signals 


for each 
dedicated 
clock 
input 
may also 
be used 


within the AND array. All 48 internal 
registers 
may be 


individually 
programmed 
for 
synchronous 
or asyn- 


chronous 
clocking. 
Asynchronous 
clocking 
is possi- 


ble via a Macrocell 
product 
term. 
Clock 
inputs 
not 


used for synchronous 
clock signals 
may be used as 


global 
bus inputs. 


The 
Invert 
Select 
EPROM 
bit is used to invert 
the 


product 
term 
input into the register. 
This applies 
to 


all inputs including 
double 
inputs on JK and SR reg- 


isters. The invert option 
allows 
the highest 
possible 


logic utilization 
by use of deMorgan 
logic inversion. 


At each 
intersecting 
point 
in the 
logic 
array 
there 


exists 
an EPROM-type 
programmable 
connection. 


Initially, 
all connections 
are complete. 
This 
means 
that both the true and complement 
of all inputs 
are 


connected 
to each 
product 
term. 
Connections 
are 


opened 
during the programming 
process. 
Therefore 


any product 
term 
can be connected 
to the true or 


complement 
of any input. 
When 
both the true and 


complement 
connections 
of any input are left intact, 


a logical false results on the output of the AND gate. 
If both the true and complement 
connections 
of any 
input 
are programmed 
open, 
then 
a logical 
"don't 


care" 
results for that input. If all inputs for a product 


term 
are programmed 
open, 
then 
a logical 
true re- 


sults on the output 
of the AND gate. 


Input and feedback 
signals 
are connected 
to each 


5C180 
Macrocell 
via 
a 
Local 
and 
Global 
Bus. 


Figure 
4 
shows 
the 
Macrocell-Bus 
interface 
for 


Quadrant 
D. The Global 
Bus contains 
64 input sig- 


nals while the Local Bus has 24. 


Within 
the 
5C180 
Macrocell, 
the 
product-terms 


share 
the entire 
bus structure. 
Therefore, 
a logical 


AND of any of the variables 
(or their complements) 


that 
is present 
on the buses 
may be produced 
by 


each product 
term. 


All quadrants 
share the same Global 
Bus. Inputs to 


the bus come from the true and complement 
signals 


of the 12 dedicated 
data inputs, 4 clock 
inputs, and 
the 16 Global 
Macrocell 
pin feedback 
signals. 


Each quadrant 
has its own Local Bus. Inputs to this 


bus come from the 12 quadrant 
Macrocells. 
For the 


eight 
Local 
Macrocells, 
the 
signals 
can 
be either 


from the Macrocell 
internal 
logic or from the pin. For 


the four Global 
Macrocells, 
the signals 
come 
from 


the Macrocell 
internal 
logic only. 
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Pin 
Macro- 
Feedback 
Feedback 
# 
cell # 
Structure 
Interconnect 


Quad 
2-9 
1-8 
Local 
Quad A 
A 
10-13 
9-12 
Local 
Quad A 
Global 
All 


Quad 
23-26 
13-16 
Local 
Quad 8 
8 
Global 
All 
27-34 
17-24 
Local 
Quad 8 


Quad 
36-43 
25-32 
Local 
Quad C 
C 
44-47 
33-36 
Local 
Quad C 
Global 
All 


Quad 
57-60 
37-40 
Local 
Quad D 
D 
Global 
All 
61-68 
41-48 
Local 
Quad D 


[PROW 
CEll 
CONNECTION 


SYNCHRONOUS 
CLOCK 


vee 
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Within each 5C180 quadrant there are two different 
types of Macrocells; Local Macrocells, Figure 5, and 
Global Macrocells, Figure 6. Both types share an 88- 
input AND array and contain a total of ten product 
terms. Eight product terms are dedicated for logic 
implementation. One product term is reserved for 
Asynchronous Clear to the Macrocell register. The 
remaining product term is used for Output Enable/ 
Asynchronous Clock implementation. Each 5C180 
product term represents an 88-input AND gate. The 
I/O Architecture Control Block provides each Mac- 
rocell with both combinatorial and registered I/O 
configurations. 


Local Macrocells provide one feedback path into the 
AND array. Combinatorial, registered or pin feed- 
back may be selected from the Feedback Select 
Multiplexer. The selected feedback signal is then 
routed to the quadrant local bus. Therefore, the Lo- 
cal Macrocell feedback communicates only to Mac- 


rocells within the same quadrant. There are a total of 
32 Local Macrocells within the 5C180, with eight per 
quadrant. 


Local macrocells are divided into two groups: Gen- 
eral Macrocells and Enchanced Macrocells. The En- 
hanced Macrocells are architecturally identical to 
the 
General 
Macrocells 
but 
operate 
at higher 


speeds. These speed differences are reflected in 
the specification tables. 


Global Macrocells contain two independent feed- 
back paths to the AND array. Combinatorial or regis- 
tered feedback is supplied to the local bus and pin 
feedback is supplied to the global bus. The "dual 
feedback" 
capability allows the Macrocell to be 


used f9r internal logic functions as well as a dedicat- 
ed input pin. To obtain this configuration, the output 
buffer must be disabled. If the Global Macrocell I/O 
pin is not being used as a dedicated input, the Mac- 
rocell logic may be fed back along the global bus 
allowing routing to any of the 5C180's 48 Macro- 
cells. There are 16 Global Macrocells contained in 
the 5C180, four per quadrant. 
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QUADRANT 
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INPUTS) 
FEEDBACK 
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I/O 
ARCHITECTURE 


CONTROL 


MACROCELL 
LOGIC 
CONFIGURATIONS 


In 
the 
Combinatorial 
configuration, 
eight 
product 


terms are ORed together 
to generate 
the output sig- 


nal. The 
Invert 
Select 
EPROM 
bit controls 
output 


polarity and the Output Enable buffer is product-term 
controlled. 
The Feedback 
Select 
allows 
the user to 


choose 
combinatorial, 
I/O 
(pin) or no feedback 
to 


the respective 
local and global 
buses. 


The advanced 
I/O architecture 
of the 5C180 allows 


four different 
register 
types along with combinatorial 


output 
as illustrated 
in Figures 
8a-8e. 
The register 


types 
include 
a T, D, JK, or SR Flip-Flop 
and each 


Macrocell 
I/O structure 
may be independently 
con- 
figured. 
In addition, 
all registers 
have an individual 


asynchronous 
RESET 
control 
from 
a 
dedicated 


product 
term 
derived 
in the AND 
array. 
When 
this 


dedicated 
product 
term is a logical 
one, the Macro- 


cell register 
is immediately 
cleared 
to a logical 
zero 


independent 
of the register 
clock. 
The RESET func- 


tion occurs 
automatically 
on power-up. 


The 
four 
different 
register 
types 
shown 
in Figures 


7b-7e 
are described 
below: 


When either a D- or T-type Flip-Flop 
is configured 


as part of the I/O structure, 
all eight of the prod- 


uct terms 
into the Macrocell 
are ORed 
together 


and fed into the register 
input. 


When 
either 
a JK or SR register 
is configured, 


the eight 
product 
terms 
are shared 
among 
two 


OR gates (one for the J or S input and the other 
for the 
K or R input). 
The 
allocation 
for these 


product 
terms 
for each 
of the register 
inputs 
is 


optimized 
by the iPLDS II development 
software. 
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For Global 
Macrocells, 
if no output 
is selected, 
the 


logic may be "buried" 
and the I/O pin can be used 


as an additional 
dedicated 
input. The use of "dual 


feedback" 
is accomplished 
by tri-stating 
the Output 


Enable 
Buffer. 
Thus, 
up to 16 additional 
dedicated 


inputs 
may be added 
without 
sacrificing 
the Macro- 


cell internal 
logic. 


In the erased 
state, 
the 
I/O 
architecture 
is config- 


ured 
for 
combinatorial 
active 
low 
output 
with 
I/O 


(pin) feedback. 


D- 


Figure 
7c. Toggle 
Flip-Flop 
Register 
Configuration 


Figure 
7b. D· Type 
Flip-Flop 
Register 
Configuration 
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Each 5C180 register 
may be clocked 
synchronously 


or 
asynchronously. 
Figure 
8a 
and 
8b 
shows 
the 


modes 
of operation 
provided 
by the OE/ClK 
Select 


Multiplexers 
for both 
local 
and Global 
Macrocells. 


The 
operation 
of each 
multiplexer 
is controlled 
by 


EPROM 
bits and may be individually 
configured 
for 


each 5C180 Macrocell. 


In Mode 0, the three-state 
output buffer is controlled 


by a single 
product 
term. 
If the output 
of the AND 


gate 
is a logical 
true then 
the output 
buffer 
is en- 


abled. 
If a logical 
false resides 
on the output 
of the 


AND gate then the output 
buffer 
is seen as high im- 


pedance. 
In this mode the Macrocell 
flip-flop 
may be 


clocked 
by its quadrant 
synchronous 
clock 
input. In 


the 
erased 
state, 
the 
5C180 
is 
configured 
as 


Mode O. 


In Mode 1, the Output 
Buffer is always enabled. 
The 


Macrocell 
flip-flop 
now 
may 
be triggered 
from 
an 


asynchronous 
clock signal generated 
by the Macro- 
2 


cell product 
term. This mode allows 
individual 
clock- 


ing of flip-flops 
from any available 
signal in the quad- 


rant AND array. Because 
both true and complement 


signals reside in the AND array, the flip-flops 
may be 


clocked 
by positive- 
or negative-going 
signals at any 


input pin. With the clock now controlled 
by a product 


term, gate clock 
structures 
are also possible. 


In Modes 
2 and 3, the Output 
Buffer 
is always 
dis- 


abled. 
The Macrocell 
flip-flop 
may still be triggered 


from 
clock 
signals 
generated 
from 
the 
Macrocell 


product 
term or asynchronous 
clocks. 
This mode is 


only possible 
for Global 
Macrocells. 
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SYNCHRONOUS 


CLOCK 


VCC 


ClK 
- 
SYNCHRONOUS 


ClK 


290111-12 


The register 
is clocked 
by the quadrant 
synchronous 
clock 
signal 
which 
is common 
to 11 other 
Macrocells. 
The output 
is enabled 
by the 


logic 
from 
the product 
term. 


SYNCHRONOUS 


CLOCK 


VCC 


290111-13 


The output 
is permanently 
enabled 
and the register 
is clocked 
via the product 
term. 
This allows 
for gated 
clocks 
that 
may be generated 
from 
elsewhere 
in the SC160. 


CLK - 
SYNCHRONOUS 


CLK 


290111-14 


The output 
is permanently 
disabled 
and the register 
clocked 
by the quadrant 
synchronous 
clock 
signal. 
The pin can be used 
as an input 
while the register or combinational 
output can be fed back. 


CLK - 
ASYNCHRONOUS 


CLK 


290111-15 


The 
output 
is permanently 
disabled 
and 
the 
register 
is clocked 
via the product 
term. 
This 
allows 
gated 
clocks 
that 
may be generated 
elsewhere 
in the 5C180. 
The pin can be used 
as in input 
while 
the register 
or combinational 
output 
can be fed back. 
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MACROCELL 
LOGIC + I/O 
CONFIGURATIONS 


Figures 9 and 10 show the 5C180 basic I/O configu- 
rations 
for 
both 
the 
Local 
and 
Global 
Macrocells. 


Along 
with 
combinatorial, 
four 
register 
types 
are 


available. 
Each 
Macrocell 
may 
be 
independently 


programmed. 


The 5C180 Input/Output 
Architecture 
provides 
each 
Macrocell 
with over 50 possible 
I/O configurations. 


COMBINATORIAL 
I/O Selection 


Output/Polarity 
Feedback 
Bus 


Combinatorial/High 
Comb, Pin, None 
Local 
Combinatorial/Low 
Comb, Pin, None 
Local 
None 
Comb 
Local 
None 
Pin 
Local 
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SYNCHRONOUS 
CLOCK 
OE/CLOCK 
SELECT 


0 
Q 
• 


en 
en 
::> 
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lD 
lD 
-' 
-' 
00( 
00( 
lD 
U 
C 
0 
0 
-' 
-' 
C> 


0- TYPE FLIP-FLOP 
110 Selection 


Output/Polarity 
Feedback 
Bus 


D-Register IHigh 
D-Register, 
Pin, None 
Local 
D-Register 1Low 
D-Register, 
Pin, None 
Local 
None 
D-Register 
Local 
None 
Pin 
Local 


D 
Qn 
Qn+1 
0 
0 
0 
0 
1 
0 
1 
0 
1 
1 
1 
1 
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SYNCHRONOUS 
CLOCK 
OE/CLOCK 
SELECT 
Vee 


T 
0 


III 
III 
:> 
:> 
al 
al 
..J 
..J 
« 
« 
al 
u 
C 
0 
0 
..J 
..J 
'" 


TOGGLE 
FLIP-FLOP 
I/O Selection 


Output/Polarity 
Feedback 
Bus 


T-Register/High 
T-Register, 
Pin, None 
Local 
T-Register/Low 
T-Register, 
Pin, None 
Local 
None 
T-Register 
Local 
None 
Pin 
Local 


T 
Qn 
Qn+l 
0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 


SYNCHRONOUS 
CLOCK 
OE/CLOCK 
SELECT 
VCC 


JK FLIP-FLOP 
110 Selection 


Output/Polarity 
Feedback 
Bus 


JK Register/High 
JK Register, 
None 
Local 
JK Register/Low 
JK Register, 
None 
Local 
None 
JK Register 
Local 


J 
K 
Qn 
Qn+1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
1 
1 
0 
1 
1 
1 
1 
0 
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SYNCHRONOUS 
CLOCK 
OE/CLOCK 
SELECT 
VCC 


SR FLIP-FLOP 
I/O Selection 


Output/Polarity 
Feedback 
Bus 


SR Register/High 
SR Register, 
None 
Local 
SR Register/Low 
SR Register, 
None 
Local 
None 
SR Register 
Local 


S 
R 
On 
On + 1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 
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COMBINATORIAL 
I/O Selection 


Output/Polarity 
Feedback 
Bus 


Combinatorial/High 
Comb, Pin, None 
Local, Global 


Combinatorial/Low 
Comb, Pin, None 
Local, Global 
None 
Comb 
Local, Global 
None 
Pin 
Global 
None 
Comb/Pin 
Local/Global 
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0- TYPE FLIP-FLOP 
110 Selection 


SYNCHRONOUS 
CLOCK 
CLOCK 
SELECT 


Output/Polarity 
Feedback 
Bus 


D-Register / High 
D-Register, 
Pin, None 
Local, Global 
D-Register / Low 
D-Register, 
Pin, None 
Local, Global 
None 
D-Register 
Local, Global 
None 
Pin 
Global 
None 
D-Register / Pin 
Local/Global 


D 
Qn 
Qn+1 
0 
0 
0 
0 
1 
0 
1 
0 
1 
1 
1 
1 


SYNCHRONOUS 
CLOCK 
CLOCK 
SELECT 


TOGGLE 
FLIP-FLOP 
I/O Selection 


Output/Polarity 
Feedback 
Bus 


T-Register/High 
T-Register, 
Pin, None 
Local, Global 
T-Register/Low 
T-Register, 
Pin, None 
Local, Global 
None 
T-Register 
Local, Global 
None 
Pin 
Global 
None 
T-Register/Pin 
Local/Global 


T 
Qn 
Qn+1 
0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 
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JK FLIP-FLOP 
I/O Selection 


SYNCHRONOUS 
CLOCK 
CLOCK 
SELECT 


Output/Polarity 
Feedback 
Bus 


JK Register/High 
JK Register, 
None 
Local, Global 
JK Register/Low 
JK Register, 
None 
Local, Global 
None 
JK Register 
Local 
None 
JK Register/Pin 
Local/Global 


J 
K 
Qn 
Qn+1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 


1 
1 
0 
1 
1 
1 
1 
0 
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SYNCHRONOUS 
CLOCK 
CLOCK 
SELECT 


SR FLIP-FLOP 
I/O selection 


Output/Polarity 
Feedback 
Bus 


SR Rel;lister/High 
SR Register, 
None 
Local, Global 


SR Register/Low 
SR Register, 
None 
Local, Global 
None 
SR Register 
Local 
None 
SR Register/Pin 
Local/Global 


S 
R 
On 
On+1 


0 
0 
0 
0 


0 
0 
1 
1 


0 
1 
0 
0 


0 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 
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The 5C180 contains a programmable bit, the Turbo 
Bit, that optimizes operation for speed or for power 
savings. 
When 
the 
Turbo 
Bit 
is 
programmed 


(TURBO = ON), the device is optimized for maxi- 
mum speed. When the Turbo Bit is not programmed 
(TURBO = OFF), the device is optimized for power 
savings by entering standby mode during periods of 
inactivity. 


Figure 11 shows the device entering standby mode 
approximately 100 ns after the last input transition. 
When the next input transition is detected, the de- 
vice returns to active mode. Wakeup time adds an 
additional 30 ns to the propagation delay through 
the device as measured from the first input. No de- 
lay will occur if an output is dependent on more than 
one input and the last of the inputs changes after the 
device has returned to active mode. 


After erasure, the Turbo Bit is unprogrammed (OFF); 
automatic standby mode is enabled. When the Tur- 
bo Bit is programmed (ON), the device never enters 
standby mode. 


Erased-State 
Configuration 


Prior to programming, the I/O structure is configured 
for combinatorial active low output with input (pin) 
feedback. 


Initially, all the EPROM control bits of the 5C180 are 
connected. Each of the connected control bits are 
selectively 
disconnected 
by 
programming 
the 


EPROM cells into their "on" 
state. Programming 


voltage and waveform specifications are available 
by request from Intel to support programming of the 
5C180. 


ACTIVE 
!.lODE 


Ice 


IIUCIIIYC:ln rrugrammlng Algornnm 


The 5C180 supports the Intelligent Programming Al- 
gorithm which rapidly programs Intel PLDs using an 
efficient and reliable method. The Intelligent Pro- 
gramming Algorithm is particularly suited to the pro- 
duction programming environment. This method en- 
sures reliability as the incremental program margin 
of each bit is continually monitored to determine 
when the bit has been successfully programmed. 


Since the logical operation of the 5C180 is con- 
trolled by EPROM elements, the device is complete- 
ly testable. Each programmable EPROM bit control- 
ling the internal logic is tested using application-in- 
dependent test program patterns. After testing, the 
devices are erased before shipment to customers. 
No post-programming tests of the EPROM array are 
required. 


The testability and reliability of EPROM-based pro- 
grammable logic devices is an important feature 
over similar devices based on fuse technology. 
Fuse-based programmable logic devices require a 
use to perform post-programming tests to insure 
proper programming. These tests must be done at 
the device level because of the cummulative error 
effect. For example, a board containing ten devices 
each possessing a 2% device fallout translates into 
an 18% fallout at the board level (it should be noted 
that programming fallout of fuse-based programma- 
ble logic devices is typically 2% or higher). 


For proper operation, it is recommended that all in- 
put and output pins be constrained to the voltage 
range GND < (VINor Your) < Vcc. Unused inputs 
and II0s should be tied to VCCor GND to minimize 
device power consumption. Reserved pins (as indi- 
cated in the logic compiler REPORT file) should be 
left floating (no connect) so that the pin can attain 
the appropriate logic level. A power supply decou- 
piing capacitor of at least 0.2 ILf must be connected 
directly between Vcc and GND. 


As with all CMOS devices, ESD handling procedures 
should be used with this device to prevent damage 
during programming, assembly, and test. 


A single EPROM bit provides a programmable de- 
sign security feature that controls the access to the 
data programmed into the device. If this bit is set, a 
proprietary design within the device cannot be cop- 
ied. This EPROM security bit enables a higher de- 
gree of design security than fused-based devices 
since programmed data within EPROM cells is invisi- 
ble even to microscopic evaluation. The EPROM se- 
curity bit, along with all the other EPROM control 
bits, will be reset by erasing the device. 


All of the input, 1/0, and clock pins of the 5C180 
have been designed to resist latch-up which is inher- 
ent in inferior CMOS structures. The 5C180 is de- 
signed with Intel's proprietary CHMOS II-E EPROM 
process. Thus, each of the 5C180 pins will not expe- 
rience latch-up with currents up to ± 100 mA and 
voltages ranging from -1V 
to (VCC + 1V). Further- 


more, the programming pin is designed to resist 
latch-up to the 13.5V maximum device limit. 


Full logic compilation and functional simulation for 
the 5C180 is supported by PLDsheli Plus™ soft- 
ware. The GUPI Logic-18 provides programming 
support on Intel programmers. 


PLDsheli Plus design software is Intel's new, user- 
friendly design tool for ILPLD design. PLDsheli Plus 
allows users to incorporate their preferred text edi- 
tor, programming software, and additional design 
tools into an easy-to-use, menued design environ- 
ment that includes Intel's PLDasm™ logic compiler 
and simulation software along with disassembly, 
conversion, and translation utilities. The PLDasm 
compiler and simulator software accepts industry- 
standard PDS source files that express designs as 
Boolean equations, truth tables, or state machines. 
On-line help, datasheet briefs, technical notes, and 
error message information, along with waveform 
viewinglprinting capability make the design task as 
easy as possible. PLDsheli Plus software is available 
from Intel Literature channels or from your local Intel 
sales representative. 


Tools that support schematic capture and timing 
simulation for the 5C180 are available. Support un- 
der iPLS II is still available. Please refer to the "De- 
velopment Tools" section of the Programmable Log- 
ic handbook. 
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The 5C180 is also supported by third-party logic 
compilers such as ABEL', 
CUPL', 
PLDesigner', 
Log/IC, etc. Programming support is provided by 
third-party programmer companies such as Data 


I/O, Logic Devices, STAG, etc. Please refer to the 
"Third-Party Support" 
lists in the 
Programmable 


Logic handbook for complete information and ven- 
dor contacts. 


tpD 
teo 
fMAX 
Order Code 
Package 
Operating 
Range 
(ns) 
(ns) 
(MHz) 


70 
29 
20.8 
N5C180-70 
PLCC 
Commercial 


75 
30 
19.6 
N5C180-75 
PLCC 
Commercial 


90 
35 
16.1 
N5C180-90 
PLCC 
Commercial 


'PLDsheli 
Plus™ 
is a trademark 
of Intel Corporation 
. 
•ABEL is a trademark 
of Data 110 Corp. CUPL is a trademark 
of Logical 
Devices. 
Inc. PLDesigner 
is a trademark 
of MINC, Inc. 


LogllC 
is a trademark 
of ISDATA, 
Inc. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage(l) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(l) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


tstg 
Storage Temperature 
-65 
+150 
·C 


tamb 
Ambient Temperature(3) 
-10 
+85 
·C 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the inputs may undershoot to -2.0V 
or overshoot to + 7.0V for periods 
less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also available. 


Symbol 
Parameter 
Min 
Max 
Units 


Vee 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating 
Temperature 
0 
+70 
·C 


tR(4) 
Input Rise Time 
500 
ns 


tF(4) 
Input Fall Time 
500 
ns 


NOTE: 
4. tR and tF for clocks is 250 ns. 


Description 
Specification 


(JJA~unction-to-Ambient 
Thermal 
Resistance 
42°C/W-CerQUAD 
38°C/W-PLCC 
28.soC/W-PGA 


(JJ~unction-to-Case 
Thermal 
Resistance 
14·C/W-CerQUAD 
14·C/W-PLCC 
14°C/W-PGA 


Ice Hot-Ambient 
@70·C 
140 mA 


Ice Typical-Ambient 
@25·C 
140 mA 


Process 
CHMOS 
liE, PX 24 


• 
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Symbol 
Parameter/Test 
Conditions 
Mln 
Typ 
Max 
Unit 


VIH(5) 
High Level Input Voltage 
2.0 
Vcc + 0.3 
V 


Vll(5) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH(6) 
High Level Output Voltage 
2.4 
V 


10 = -4.0 
mA D.C., Vcc = min. 


VOL 
Low Level Output Voltage 
0.45 
V 


10 = 4.0 mA D.C., Vcc = min. 


II 
Input Leakage Current 
±10 
,...A 


VCC = max., GND < VIN < Vcc 


10Z 
Output Leakage Current 
±10 
,...A 


Vcc = max., GND < VOUT < Vcc 


Isd7) 
Output Short Circuit Current 
20 
30 
mA 


Vcc = max., VOUT = 0.5V 


ISB(8) 
Standby 
Current 
35 
150 
,...A 


Vcc = max., VIN = Vcc or GND, 
Standby 
mode 


Icc 
Power Supply Current 
30 
45 
mA 


Vcc = max., VIN = Vcc or GND, 
No load, Input Freq. = 1 MHz 
Active mode (Turbo = Off), 
Device prog. as four 12-bit Ctrs. 


NOTES: 
5. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
6. 10 at CMOS levels (3.84 V) = - 2 mA 
7. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second. 
8. With Turbo Bit Off, device automatically enters standby mode approximately 100 ns after last input transition. 


3.0~20 
~ 


O· > TEST POINTS -< 
. 
o 
.8 
0.8 


TO TEST 
SYSTEIol 


CL(INCLUDES JIG 
CAPACITANCE) 
OUTPUT 
1~ 
-TEST 
POINTS-~ 


290111-27 


A.C. Testing: Inputs are Driven at 3.0V for a Logic "1" and OV for 
a Logic "0". 
Timing Measurements are made at 2.0V for a Logic 


"1" and O.BV for a Logic "0" on inputs. Outputs are measured at 
a 1.5V point. Device rise and fall times <6 ns. 
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Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
15 
pF 
VIN = OV, t = 1.0 MHz 


COUT 
Output Capacitance 
15 
pF 
VOUT = OV, t = 1.0 MHz 


CClK 
Clock Pin Capacitance 
25 
pF 
VOUT = OV, f = 1.0 MHz 


Cvpp 
Vpp Pin Capacitance 
160 
pF 
CLK2, VOUT = OV, t = 1.0 MHz 


5C1So-70 
5C18o-75 
5C1So-90 
Non-Turbo 
Symbol 
From 
To 
EP1S0o-2 
EP1S00 
Mode(11) 
Unit 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


tpD1 
Input(12) 
Comb. Output 
65 
70 
85 
+30 
ns 


tpD2 
1/0(12) 
Comb. Output 
70 
75 
90 
+30 
ns 


tPD2e 
1/0(13) 
Comb. Output 
65 
70 
85 
+30 
ns 


tpZX(10) 
I or I/O 
Output 
Enable 
70 
75 
90 
+30 
ns 


tpXZ(10) 
I or I/O 
Output Disable 
70 
75 
90 
+30 
ns 


telR 
Asynch. 
Reset 
Q Reset 
70 
75 
90 
+30 
ns 


NOTES: 
9. Typ. Values are at TA = 2S·C. Vcc = SV. Active Mode. 
10. tpzx and tpxz are measured at ± O.SVfrom steady state voltage as driven by spec. output load. tpxz is measured with 
CL = S pF. 
11. If device is operated with Turbo Bit Off (Non-Turbo Mode) and the device has been inactive for approx. 100 ns, increase 
time by amount ·shown. 


SYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTICS 


TA = O'C to + 70'C, 
VCC = 5V ± 5%, Turbo 
Bit On(9) 


5C18o-70 
5C1So-75 
5C1So-90 
Non-Turbo 
Symbol 
Parameter 
EP1S00-2 
EP1800 
Mode(11) 
Unit 


Min 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


fMAX 
Max Frequency 
20.8 
19.6 
16.1 
MHz 
1/(teH 
+ teu-No 
Feedback 


tCNT 
Max. Count Frequency 
16.1 
15.1 
12.2 
MHz 


1/teNT-With 
Feedback 


tSU1 
Input Setup Time to Clk(12) 
48 
51 
62 
+30 
ns 


tSU2 
I/O Setup Time to Clk(12) 
53 
56 
67 
+30 
ns 


tSU2e 
I/O Setup Time to Clk(13) 
48 
51 
62 
+30 
ns 


tH 
I or I/O Hold after Clk High 
0 
0 
0 
ns 


tee 
Clk High to Output Valid 
29 
30 
35 
ns 


teNT 
Register 
Output Feedback 
62 
66 
82 
+30 
ns 
to Register 
Input- 
Internal Path 


teH 
Clk High Time 
24 
25 
30 
ns 


tCl 
ClkLowTime 
24 
25 
30 
ns 


• 
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ASYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTICS 
TA = O·C to +70·C, vcc = 5V ±5%, 
Turbo Bit On(9) 


5C180-70 
5C180-75 
5C180-90 
Non-Turbo 
Symbol 
Parameter 
EP1800-2 
EP1800 
Mode(11) 
Unit 


Min 
Typ 
Max 
Mln 
Typ 
Max 
Min 
Typ 
Max 


fAMAX 
Max. Frequency 
20.8 
20 
16.6 
MHz 


1/(tACH 
+ tAcLl-No 
Feedback 


fACNT 
Max. Frequency 
16.1 
15.1 
12.2 
MHz 


l/tACNT-With 
Feedback 


tASU1 
Input Setup Time to Asynch. 
Clock(12) 
17 
19 
23 
+30 
ns 


tASU2 
1/0 Setup Time to Asynch. 
Clock(12) 
22 
25 
28 
+30 
ns 


tAH 
Input or 1/0 Hold to Asynch. 
Clock 
30 
30 
30 
ns 


tACO 
Asynch. 
Clk to Output Valid 
70 
75 
90 
ns 


tACNT 
Register 
Output 
Feedback 
62 
66 
82 
+30 
ns 


to Register 
Input- 


Internal 
Path 


tACH 
Asynch. 
Clk High Time 
24 
25 
30 
ns 


tACL 
Asynch. 
Clk Low Time 
24 
25 
30 
ns 


NOTES: 
12. For General 
and Global 
Macrocells. 
13. For Enhanced 
Macrocells. 


HIGH IMPEDANCE 


3- 
STATE 


HIGH IMPEDANCE 


3- 
STATE 
r 


tpzx 


CLK1,CLK2. 


CLK3,CLK4 


ASYN. 
CLOCK 
INPUT 


(FROt.4 REGISTER 
TO OUTPUT) 
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2<40 


220 


200 


180 


160 


1<40 


~ 
120 
J. 
_ 
100 


_8 
80 


60 


<40 


20 
o 
o 


2<40 


220 


200 


180 


160 


1<40 


~ 
120 
.5. 
100 
g 
80 
~ 
60 


<40 


20 
o 
o 


/' 


./ 
/ 
~ 


>o0~ '7 
f---:<..»< 
'/ 
V 
J' Non- Turbo 


J 
I 
I 
II 


5 
10 


fCNT (104Hz) 


100 
• 
50 
5- 
20 
<: 
~ 
:> 
10 
0- 
:>~ 
5 
:>0 
:Ji 
2 


- 
I 
- 
•..•....... 


10L 
10H" 


1 
23-4 


Vo Output Voltoge (V) 


5C180 
tpD Derating 
vs Capacitive 
Loading 


lBn. 
16n. 
14n. 


~ 
12n5 


-; 
IOn. 


e!: Bns 
.$. 
6ns 
4n. 
2ns 
On. 


Conditions: 
TA = 25"C 
Vrx; 
= 5.0V 


50pF 
90pF 
130pF 
170pF 


Cepacitenco 


20 
<40 
60 
80 85 


TEMP (C) 
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5C180 INTERNAL TIMING 
The following 
internal 
timing 
model 
and specifications 
are provided 
to aid in determining 
the different 


timing parameters 
for all permutations 
of timing paths through 
the device. 
The mnemonics 
in the table 


represent 
internal 
parameters 
only and should 
not be confused 
with external 
timing parameters 
shown 


in previous 
tables, 
even though 
some mnemonics 
are the same. 
- 
SYSTEMCLOCKDELAYtiCS 
-- 


INPUT 
--;i 
CLOCKDELAYtIC(e) ~ 
REGISTER 
~ 
DELAY 
tsu 
OUTPUT 
- 
tiN 
tH 
DELAY 
tco 
~ 
LOGICARRAYDELAY --+ 
txz 
- 
.....• 
tLAD{e) 
tzx 
- 
T 


I/O 
FEEDBACK 
- 
INPUT 
.... 
- 
DELAY 
DELAY 
tlO 
tm 


290111-38 


5C180-70 
5C180-75 
5C180-90 
Non-Turbo 


Symbol 
Parameter 
EP1800-2 
EP1800 
Mode(11) 
Unit 


Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


tiN 
Input Pad and Buffer Delay 
10 
11 
14 
0 
ns 


tlO 
1/0 Input Pad and Buffer Delay 
5 
5 
5 
0 
ns 


tLAOe 
Enhanced 
Logic Array Delay 
35 
37 
43 
30 
ns 


tLAO 
Logic Array Delay 
40 
42 
48 
30 
ns 


too 
Output Buffer and Pad Delay 
15 
17 
23 
0 
ns 


tzx 
Output Buffer Enable 
15 
17 
23 
0 
ns 


txz 
Output 
Buffer Disable 
15 
17 
23 
0 
ns 


tsu 
Register 
Setup Time 
12 
13 
18 
0 
ns 


tHS 
Register 
Hold Time (System Clock) 
0 
0 
0 
0 
ns 


tH 
Register 
Hold Time 
30 
30 
30 
0 
ns 


tiCs 
Enhanced 
Clock Delay 
35 
37 
43 
30 
ns 


tiC 
Clock Delay 
40 
42 
48 
30 
ns 


tiCS 
System Clock Delay 
4 
4 
4 
0 
ns 


tFD 
Feedback 
Delay 
10 
11 
16 
-30 
ns 


telAe 
Enhanced 
Register Clear Time 
35 
37 
43 
30 
ns 


telA 
Register 
Clear Time 
40 
42 
48 
30 
ns 


• 


•• 
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Finally, it describes electrical characteristics of the de- 
vices, along with guidelines for taking best advantage of 
device behavior while mitigating tradeoffs that may be 
encountered. 


In the past decade and half, system designers have 
come to depend on PLDs (programmable Logic Devic- 
es) to implement random logic and interface circuits 
because of the low cost and high performance these 
devices offer. Bipolar PLDs (commonly called PALs') 
were the fIrStclass of devices to become a common part 
of the designer's repertoire. As power requirements and 
head dissipation of bipolar PLDs 
became a design 
and/or 
reliability limiter in the mid-1980's, designers 
began using CMOS PLDs (GALs" 
and EPLDs). 


PLDs can be measured in terms of propagation delay 
(tpD) or state machine frequency (lltsu 
+ tee). 
In 


terms of propagation delay, performance of the first 
CMOS 
PLDs 
lagged 
behind 
bipolar 
PLDs 
by 


15 ns-20 ns. This gap has been closed to 2.5 os or less. 
In terms of state machine frequency, CMOS PLDs also 
historically lagged bipolar PLDs significantly. State- 
machine performance of Intel PLDs equals or surpasses 
bipolar PLDs. Table 1 lists the key speed parameters of 
16-series and 
2D-series PALs 
and 
GALs, 
and the 


85C220/85C224. The additional performance provided 
by the 85C220/85C224-80 can allow faster state ma- 
chine designs or provide additional margin for existing 
designs. The 85C220/85C224- 7 provide fast combina- 
toriallogic at significantly reduced power consumption 
over bipolar devices. 


In 1989 and 1990 Intel began shipping its fast 85C220 
and 85C224 PLDs. These PLDs are supersets of com- 
mon 2D-pinand 24-pin PALs/GALs. 
Both the 85C220 
and 85C224 exhibit extremely fast speeds, low power 
consumption, and high integration, which make them 
ideally suited for high-speed microcomputer system ap- 
plications. This application note covers the architectur- 
al features that 
distinguish 
these Intel PLDs 
(also 


called JLPLDsfor Microcomputer Programmable Logic 
Devices) from their competition. It also covers per- 
formance, power requirements, and heat dissipation. 


Parameter 
16R8-D 
16R8·E 
16V8·10 
85C220-7 
85C22o-80 
85C22o-100'" 


20R8-D 
2OR8-E 
20V8·10 
85C224·7 
85C224·80 
85C224·100 
Units 


tpD 
10 
7.5 
10 
7.5 
10 
7.5 
ns 


tsu 
10 
1 
10 
1 
1 
4.5 
ns 


tea 
7 
6.5 
8 
6.5 
5.5 
5.5 
ns 


fCNT1 
58.8 
74 
55.5 
74 
80 
100 
MHz 


teNT 
16.5 
10 
Not Avail. 
10 
10 
10 
ns 


fCNT2 
60 
100 
Not Avail. 
100 
100 
115 
MHz 


fMAX 
62.5 
100 
62.5 
100 
111 
115 
MHz 


.. 
ItahcsIndicatefastest speCificationfor that category. 


Parameter Definitions: 


tpo 
- 
Propagation Delay, Input or I/O to Output Valid Delay 
tsu 
- 
Input or I/O Setup Time to Clock 
!co 
- 
Clock to Output Valid Delay 


fCNT!- 
Max. External Counter Frequency (lltsu 
+ !co) 


teNT - 
Clock to Feedback Setup for Next Clock-Internal 
Path 
fCNTI- 
Max. Internal Counter Frequency (IIteNT) 
fMAX- 
Max. Pipelined Frequency 


'PALe is a registered trademark of Advanced MicroDevices. 
··GALe is a registered trademark of LatticeSemiconductor,Inc. 
"·85C220·100/85C224-100 is under development. 
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ARCHITECTURAL 
SUPERSET 
FEATURES 


This section summarizes the architectural limitations of 
PALs and GALs and describes the superset features of 
the 85C220/85C224 devices. 


Designers are familiar with common 16-seriesand 20- 
series PAL and GAL devices. The layout is standard 
with clock, output enable, inputs and outputs in the 
same pin locations across families of devices(all signals 
on R4, R6, and R8 devices; inputs and outputs on L8 
devices). Seven or eight p-terms (product-terms) are 
available for logic implementation. The major task with 
PALs is to pick the device with the desired range of 
inputs and registers. The designer then fits the design 
into the device, modifying the design to fit the architec- 
ture of the device. 


Architectural limitations that experienced PAL users 
have all encountered include: 
1. One active output polarity per device (usually active 
low) 
2. Only 7 SOP (Sum-of-Products) p-terms on combina- 
torial outputs 


3. Unusable pin on R4, R6 and R8 devices if the dedi- 
cated OE is not used 
4. No feedback on the outside macrocells (#0 and #7) 
of L8 devices 
5. Wasted resources in cases where the number and 
type of outputs does not match device resources. 
(For example, a 16R-seriesor 20R-series PAL can- 
not implement a design requiring 5-registered and 3- 
combinatorial outputs. An R6 would be needed to 
implement the 5 registers and 2 of the 3 combinatori- 
al outputs. One register in the R6 would not be used 
and the 3rd combinatorial output would have to be 
implemented in discrete logic or in an additional 
PAL.) 


The GAL architecture overcomes some of these limita- 
tions. GALs offer programmable output polarity so 
that any output can be active high or active low. Any 
combination of registered/combinatorial outputs can be 
implemented in a single device.But several architectur- 
al limitations are still present in GALs: 
1. Only 7 SOP p-terms are available for combinatorial 


outputs if a p-term is used for an OE signal 


2. The dedicated OE pin is unusable if registers are 


used but the OE control is not needed 


3. No feedback on the outside macrocells (#0 and #7) 


when the device is configured for all combinatorial 
outputs. 


Thus whileGALs provide greater flexibilitythan PALs, 
GAL users still find themselves designing around the 
architectural limitations. 


With the Intel 85C220/85C224 PLDs, the architectural 
limitations of PALs and GALs have been overcome. 
The 85C220 is an architectural superset of 16-series 
(20-pin) PALs and GALs, while the 85C224 is an ar- 
chitectural superset of 20-series (24-pin) devices. Let's 
look at the superset features. 


Figure I compares the macrocells (output structures) of 
PALs, GALs, and the 85C220/85C224. Note that the 
85C220/85C224 and the GAL contain a programmable 
invert option to allow each output to be individually 
configured as active low or active high. This feature 
allows logic compilers to use DeMorgan's inversion 
techniques to fit equations into an 85C220/85C224 that 
would not fit into a standard PAL. Larger equations 
will fit into the 85C220/85C224 that will not fit in 16- 
series and 20-series PALs. 


Independently 
Conflgurable 
Outputs 


The 85C220/85C224 and the GAL allow any combina- 
tion of registered and combinatorial outputs in a single 
device. This feature means that designers will not have 
to leave outputs unused as with PALs. 


Figure I also shows that the 85C220/85C224 contains 
an output enable p-term in addition to the 8 SOP p- 
terms (9 p-terms total). L8 PALs and GALs borrow 
one of the SOP p-terms to implement an OE equation, 
leaving only 7 p-terms to implement the SOP. In cases 
where an SOP equation requires all 8 p-terms, the 
PAL/GAL designer must route part of the equation 
through another macrocell frrst (and accept the addi- 
tional delay), or choose a different device. Since the 
85C220/85C224 does not have this limitation, larger 
designs will fit more often in Intel PLDs. 


Note that the two outside macrocells (#0 and #7) on 
L8 PALs and GALs configured for combinatorial oper- 
ation do not allow feedback to the logic array. If this 
feedback is needed, a different device must be chosen. 


intel· 


This may mean switching to an 18P8, 18CV8, etc., or 
moving up to a larger device with more inputs. All 8 
outputs on the 85C220/85C224 can feed back a combi- 
natorial signal from the I/O pin to the logic array. The 
need to change devices or move up to a larger device is 
diminished for 85C220/85C224 users. 


When using PALs and GALs configured for registered 
operation, the OE pin can only be used as an OE signal. 


If no OE function is needed, the pin must be tied high; 
it cannot be used as a standard input to the logic array. 
The 85C220/85C224, however, does not contain a dedi- 
cated output enable pin, making these devices more 
flexible than PALs and GALs. 
With the 85C2201 


85C224, if the registers do not require an output enable, 
the internal p-term can hold the output buffers in the 
enabled state. The corresponding pin can then be used 
as a dedicated input. If a global OE is needed, then the 
OE p-terms for all eight macrocells can be programmed 
identically. 


7 
PRODUCT 
TERMS 


8 
• 
PRODUCT 
• 


TERMS 
• 


PAL Registered 
Output 


Figure 1. OutputlMacroceli 
Architecture 
Comparison 


• 


intgl. 
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8 


PROOUCT 


TERIIS 
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The combination 
of PAL/GAL 
compatibility 
along 
with 
the superset 
features on the 
85C220/85C224 
j.tPLDs allows more logic to be implemented in these 
devices than in standard PAL/GAL 
architectures. The 
need to stock several different PAL/GAL 
architectures 


(in multiple 
packages) 
is reduced 
when using the 


85C220/85C224 
architectures. 
85C220/85C224 
users 


will find that their designs outgrow their PLDs signifi- 
cantly less often than PAL/GAL 
users. 


This section provides characterization 
data for the 


85C220/85C224 that can be of great help to designer's 
working on high-speed systems. Information is present- 
ed in the following order: 
• Output Slew Rates 


• tpD Characteristics 


'- 
: 
,- 


: 


/ 
y 


: 
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: 


Conditions: 
TA = 2S'C 
Vcc 
= S.QV 
Spec. 
Load 
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1\ 
: ~ 


......... , 
: 
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Conditions: 


TA = 2S'C 
Vcc = S.QV 
Spec. 
Load 


• teo Characteristics 
• IOL Characteristics 
• Tracking Critical Parameters over Temperature 
• Ground Bounce/Noise on Unswitched Outputs 


Output buffers for 85C220/85C224-80 devices have a 
nominal slew rate of I VIns low-to-high and 1.5 VIns 
high-to-low. At 95°C, the slew rate slows slightly to 
0.8 VIns low-to-high, and 1.2 VIns high-to-low. This 
slew rate is fast enough to meet the requirements of all 
data sheet specifications, but slow enough to minimize 
problems such as ground bounce and transmission line 
effects. Figures 2 through 5 show slew rates as mea- 
sured on 85C220/85C224-80 devices. 
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Conditions: 
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Conditions: 
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VCC = S.QV 
Spec. 
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devices also increases. This increase is related to the 
ability of package power and ground leads to channel 
the additional current. Figures 6 and 7 show the rela- 
tion of tpD to the number of outputs switching for the 
85C220 and 85C224, respectively. Note that this data 
reflects worst case values. Typical parts 
can be 


I ns-2 ns faster. This data helps designers estimate 
how much margin exists in a high-speed design. 


This section shows how propagation delay for the 
85C220/85C224 PLDs is affected by factors that vary 
from one application to another. 


As the number of device outputs switching simulta- 
neously increases, average propagation delay through 
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TA = +70"C 
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Knowledge of how PLDs behave as capacitive loading 
is increased is an important consideration when design- 
ing high-speed systems. Figure 8 shows derating from 
specified values for a typical 85C220/85C224-80 
at 


high temperature, low Vcc conditions for both low-to- 
high and high-to-low transitions as capacitance increas- 
es. These characteristics can help designers trade off 
system margin for additional delays incurred due to 
higher capacitive loads. 


As additional p-terms for a macrocell are used, internal 
device loading causes propagation delay to increase or 
decrease slightly. Figure 9 shows this slowdown for the 
85C220/85C224-80 and -7 at room temperature condi- 
tions with 2 outputs switching. Data is shown for both 
low-to-high and high-to-low transitions. 
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This section shows how application-specific factors af- 
fect 
Clock-to-Output 
(tCOl) 
performance 
for 
the 


85C220/85C224 PLDs. 


tC01 Characteristics 


tco 1 (clock to register output valid) is in the 1.5 ns to 
5.5 ns range for the 80 MHz device and in the 1.5 ns- 
6.5 ns range for the 66 MHz device. Figures II and 12 
show tcOi max. over temperature for the 85C220 and 
85C224, respectively. This data was taken with 8 out- 
puts switching at high temperature. For some designs, 
tCOI minimum is also a key parameter. Figures 13 and 
14 show tCOI min. under worst case (fastest) conditions 
(low temperature, high Vcc' I output switching, probe 
capacitance only). Figures 15 and 16 show teOI for the 
devices with I to 8 outputs switching under worst case 
conditions (high temperature, low Vcd. 
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Register-to-Reglster 
Skew 


In an ideal PLD, all registers clock simultaneously, 
with no skew between registers on the same device. In 
reality, clock signal routing and ground path differenc- 
es cause some degree of skew between register outputs, 
but this does not pose a problem for most applications. 
When the skew is too great, however, or if the timing 
.requirements of the application are especiallystringent, 
output skew must be considered. Due to its high-speed 
double-metal process, output skew on 85C220/85C224 
PLDs is very tight. Typical skew between fastest and 
slowest registers is shown in Table 2. 


Table 2. 85C220/85C224 
Register-to-Register 
Skew (Average) 


O·C 
+70·C 


Device 
High to 
Low to 
High to 
Low to 
Low 
High 
Low 
High 
(ps) 
(ps) 
(ps) 
(ps) 


85C220 
120 
310 
120 
340 


85C224 
120 
280 
120 
310 


Designers should note the relationship of IOL for indi- 
vidual device outputs to the total IOLfor a devicewhen 
designing with the 85C220/84C224-80. These devices 
can sink 64 mA per device (DC) while individual out- 
puts can sink up to 12mA of current. This is a steady- 
state current specification to prevent electromigration 
problems over the life of the device. The device maxi- 
mum can be higher than 64 mA when duty cycle is 
taken into account. For example, in an 8-bit counter 
the duty cycle of the outputs is approximately 50%. 
For this application, the device maximum is 96 mA (8 
outputs x 12 mA). 


Tracking 
Critical Parameters 
over 
Temperature 


Like all MOS devices, 85C220/85C224 devices slow 
down as the temperature increases. The difference be- 
tween low and high temperature speeds is reflected in 
the minimum and maximum numbers for many data 
sheet specifications.It is important to be aware, howev- 
er, of how these parameters track each other over tem- 
perature. For example, for the 85C220/85C224-80, 
some critical parameters are as follows: 


80 MHz 
Mln 
Max 


Device Parameter 
(ns) 
(ns) 


tpD 
Propagation 
Delay 
4 
10 


tC01 
Clock to Output Valid 
1.5 
5.5 


te02 
Clock to Output Valid 
4.5 
13 


(through 
Additional 
Combinatorial 
Output) 


A surface level reading of the data sheet might lead 
designers to conclude that tpD (Min. = 4 ns) will 
sometimes be faster than teOI (Max. = 5.5 ns). But in 
reality, the minimums in all three cases reflect the fast- 
est possible speed, which occurs under optimum condi- 
tions (low temperature, 5.25V, I output switching, light 
load). The maximums reflect the slowest speed, which 
occurs at high temperature, 4.75V, 8 outputs switching, 
30 pF load. Two of these factors, temperature and volt- 
age, will always be the same for signals generated by 
the same device. Thus the three parameters will track 
each other closely over temperature and voltage under 
similar conditions. The number of outputs switching 
will have an affect on the speed, but will not change the 
relationship significantly (refer to "teOl vs. Number of 
Outputs Switching" earlier in this application note). 
Capacitive loading is the only factor that can change 
the way these parameters track each other. With light 
loading on tpD and extremely heavy loading on teol, it 
may be possible for tpD to be faster than teOl at the 
system level. 


Knowledge of how parameters track each other over 
temperature can help the designer to make intelligent 
judgements when performing system timing analysis. 


Ground Bounce/Noise 
on 
Unswitched 
Outputs 


As the performance of CMOS PLDs continues to in- 
crease, more attention must be paid to noise control. 
One of the most common noise problems is supply line 
noise. Supply line noise, often called ground bounce, 
can be a serious problem because high noise levels can 
affect the logical behavior of a circuit. A ground- 
bounce related problem often manifests itself in subtle 
ways, which makes debug diffcult. Noise problems are 
exacerbated by the fact that they are often intermittent. 
For example, depending on the number of outputs 
switching, an unswitched output might glitch high 
enough to create a false clock to a subsequent logic 
circuit or to cause memory or I/O devices to be dese- 
lected for a brief time, which can affect the integrity of 
data transfers. 
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The fundamental cause of ground bounce is switching 
loaded output pins very quickly. Outputs are normally 
capacitively loaded, and there is always intrinsic induc- 
tance in device bond wires and package lead frames. 
The resulting structure is a classic LC circuit, as shown 
in Figure 17. Charging or discharging the circuit cre- 
ates a damped oscillation. The magnitude, frequency, 
and duration of the oscillation are determined by the 
component values that make up the circuit. 


VOUTin Figure 17 is normally between 3V and 5V. 
Switching time (Ts) is in the range of 2 ns-4 ns. Load 
capacitance (CL) is in the 30 pF-IOO pF range. Induc- 
tance depends on the package design and materials, and 
is typically in the 7 nH-25 nH range. Based on these 
conditions, it is easy to see that ground bounce (VG) 
can be a problem. Ground bounce further increases as 
more outputs switch simultaneously. In actual practice, 
the noise levels are less than the simple analysis shown 
in Figure 17 suggests. This is due to the self limiting 
nature of the output drivers. As the ground noise caus- 
es the local (internal) ground to rise, the drive of the 
device is reduced, which in turn reduces di/dt. 


Figure 18shows the test setup for measurements. Mea- 
surements were made on 85C220-80deviceswith 7 out- 
puts switching simultaneously and the remaining out- 
put held high or low. The noise generated on the static 
output by the 7 outputs switching was then measured 
and recorded (worst case noise condition for a static 
output). All outputs have 22 pF of capacitance (> 30 
pF with scope probe), a 220.0.resistor to ground, and 
330.0.resistor to Vcc. Decoupling is implemented with 
a 4.7 IJoFand a multi-layer 0.1 IJoF(ceramic) capacitor. 


For more information on measuring ground bounce, 
see AP-354, Guide to the PLD Parametric Test Unit. 


Figure 19shows waveforms for the deviceswith 7 out- 
puts switching. The unswitched outputs are held low. 


Waveforms are shown for the 85C220-80 (10 ns), 
16V8A-IO, 16L8-IO, and 16L8-7 in Plastic DIP. An 
85C220-80and 16V8A-1OPLCC comparison is shown. 
in Figure 20. Table 3 shows the relative inductance of 
the different packages. 


The values shown represent a lumped load. In an actual 
system, the distributed load will reduce the values 
slightly. 


Table 3. Package ys. Typical Inductance 


Package 
Type 
Typical Inductance 


Plastic DIP 
11 nH 


(with Copper 
Leadframe) 


PLCC 
6nH 


TRANSMISSION 
LINE EFFECTSI 


NOISE ON SWITCHED 
OUTPUTS 


Although a thorough discussion of transmission line 
effectsis beyond the scope of the application note, a few 
key points will be discussed. Transmission line effects, 
like ground bounce, is a slew rate related noise issue. 
While ground bounce is noise on unswitched outputs, 
transmission line effects is noise on switched outputs. 


In order to minimize transmission line effects, an engi- 
neer could use common termination techniques de- 
scribed in many system design guides. Adding termina- 
tions does have drawbacks of: 
Increased board space 
Increased cost 
Increased current consumption 
Increased heat 


intel. 


The alternative solution to terminations, is to use devic- 
es with longer transition times (voltage swing/slew 
rate); this will allow for more traces to be driven with- 
out termination, saving board space and current con- 
sumption, while reducing heat and maintaining time to 
market and cost advantages. As seen in the ground 
bounce section, Intel microPLDs are designed with 
slow edge rates to decrease noise problem. To get a 
relative measure of transmission line effects,the ground 
bounce figures (Figure 19and 20) can be used (in gen- 


eral, the lower the ground bounce, the further a trace is 
driven). The figures show that Intel programmable log- 
ic devices have low ground bounce which translates 
into being able to drive a trace further before consider- 
ing transmission line effects. 


Although the Parametric Test Unit does not measure 
transmission line effects directly, the ground bounce 
number can be used as a relative measure of these ef- 
fects. 
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DesIgn 
Considerations 


High-performance CMOS devices such as the 85C220/ 
85C224 are capable of driving large loads at fast edge 
rates. This capability means that noise control must be 
an important consideration during system design. Mul- 
ti-layer PC boards utilizing ground and power planes 
provide low resistance and low inductance connections 
between the power sources and devices. 


System noise control also requires good decoupling ca- 
pacitance. Boards with power and ground planes but no 
decoupling capacitors can still have noise problems. 
High speed transients of devices may demand up to 
500 mA of current, which can result in a volt or more 
of switching noise on the local supply lines. Decoupling 
capacitors can help prevent this performance degrada- 
tion by providing a local power source during output 
transitions. With the addition of decoupling capacitors, 
it is possible to reduce the local supply noise to 200 mV 
or less. 


Capacitor selection is important 
for this application 


since the frequencies involved in high-speed systems 
can exceed 100 MHz. High-frequency capacitors are 
necessary. The capacitors should provide low series in- 
ductance; leadless chip caps are the best choice, with 
short leaded capacitors 
as a more available second 


choice. The equivalent circuit for a capacitor is a series 
resonant circuit. If the inductive element in the capaci- 
tor is too high, the capacitor will appear inductive at 
high frequencies. 


The unswitched output data shown in the previous fig- 
ures provides a look at the noise level external to the 
device. Assuming that intelligent design practices have 
been followed to manage noise on the supply lines out- 
side the device, internal noise should still be considered. 
The internal noise generated during switching tran- 
sients is caused by output 
buffer design, package 
design, and output loading. Some suggestions for reduc- 
ing noise are as follows: 


• Select a low-inductance package such as PLCC. 
• Reduce the output loading. 


• Reduce the number 
of simultaneously 
switching 
outputs. 


• Limit the voltage swing to OV-3V by terminating 
outputs with resistors to ground. 


Designing high-speed P.C. boards requires closer atten- 
tion to design issues that are not as important for slow- 
er systems. These elements include: 


• Termination of transmission lines 
• Clock signal routing 


• Power distribution and heat dissipation 


These topics exceed the scope of the application note. A 
discussion of them can be found in the "Design and 
Debugging" chapters of Intel's microprocessor 
hard- 


ware reference manuals. For example, refer to Chapter 
II of the Intel386TM DX Hardware Reference Manual, 
Order Number: 231732-004. 


Metastability characteristics for PLDs are determined 
largely by the semiconductor process used in manufac- 
turing the device. The Intel 85C220-80 and 85C224-80 
JLPLDs are fabricated on a superior 1.0 micron CMOS 
process that exhibits excellent metastability characteris- 
tics when compared to other processes. 


Edge-triggered registers inevitably enter a metastable 
state when driven by data asynchronous to the register 
clock. Register resolution time is the time it takes for a 
register to resolve from this metastable state to a valid 
high or low. The 85C220/85C224 recover quickly from 
metastable states. Figure 21 shows register resolution 
time of the 85C220-80, along with comparative data on 
the 16V8A-1O,16R6-7, and 16R8-10 devices. These re- 
sults are plotted in terms of Mean Time Before Failure 
(in years) vs. additional clock-to-output delay (in ns) 
for the clock and data rates shown. Note that the 
85C220 performs much better than the bipolar devices, 
and is comparable to the 16V8A. 


An example of how metastability affects system design 
is shown when trying to determine the maximum fre- 
quency possible for single-stage synchronization. In this 
situation, the register resolution time is combined with 
the maximum set-up and clock-to-output times for the 
device. The total is then used to determine both the 
maximum clock speed and the margins at lower speeds. 
Figure 22 shows maximum clock frequency for 100 
year MTBF. The data rate is assumed to be 33% of the 
clock rate. Note that the 85C220 is the only PLD solu- 
tion that provides margin at 50 MHz and that it pro- 
vides higher margin than other devices at lower fre- 
quencies. 


For a complete description of metastability characteris- 
tics and the methods used to obtain this information, 
refer to A-336, Metastability 
Characteristics of Intel 


PLDs, Order Number, 292071-001. 


Many thanks to Gary Beckner, John Casey, Duane 
Chinnow, Liliyas Koumis, Ron Swartz, Mike Allen, 
Chris Wawro, Daria Wirtz, Joe Salmon and Lisa En- 
dres, for providing technical data and/or direction for 
this application note. 
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Designers today are faced with the challenge of imple- 
menting very high performance systems in a cost-effec- 
tive and timely manner. When these responsibilities are 
factored with concerns about reliability, power con- 
sumption, and migrating the design to the next per- 
formance level, the designer's job becomes more com- 
plex. When all these requirements are compared against 
the possible solutions spanning full-custom, semi-cus- 
tom, application-specific, and programmable logic, the 
only sure result is a headache. 


Intel's Microcomputer 
Programmable 
Logic Devices 


(J..l-PLDs)can meet many of today's system require- 
ments, as well as map the path to the next generation of 
products. 
Intel J..l-PLDsprovide a high-speed CMOS 


logic solution required by current microprocessors and 
VLSI peripherals. 


This design guide provides technical support for design- 
ers, design managers, components engineers, and others 
interested in using Intel's iPLD61O. The information 
provided here is intended to support both the decision 
making process prior to the design and, the qualifica- 
tion process which occurs during and after the design. 
The format of this design guide is as follows: 


Section 2--Product 
Overview: This section discusses 
the device highlights and architecture of the iPLD61O. 


Section 3-Specification 
Analysis: The key D.C. and 


A.C. Specs (from the data sheet) are discussed and 
compared against competitive devices. This section pro- 
vides a baseline for comparison and device selection. 
Also, some insights are provided on how to best use the 
data sheet specifications. 


Section 4--Advanced 
Design Issues: This section in- 


cludes presentation of data and discussion of issues af- 
fecting high-speed systems designs. Topics include out- 
put slew rates, effects of capacitive loading of outputs, 
and synchronous/asynchronous 
register operation. 


Section 5-Application 
Ideas: This section offers some 


ideas on how to use the unique performance/architec- 
ture combination offered by the Intel iPLD61O. 


Section 6--Programming/Development 
Support: This 
section offers details on existing Intel development/ 
programming tools as well as third-party support. Also 
discussed is programming compatibility with other de- 
vices. 


Section 7-Design 
Upgrade: There may be a desire to 


upgrade an existing design to the Intel iPLD61O. This 
task is discussed, specifically vis-a-vis the Intel 5C06O, 
AiteraITIlEP6xO, 
22VIO, and 20RAIO. 


Title 
Intel Order No 


iPLD610 CHMOS J..l-PLD 
290455 


Data Sheet 


iPLD91 0 CHMOS 
J..l-PLD 
290456 


Data Sheet 


Intel Programmable 
Logic 
296083 


Handbook 


Metastability 
Characteristics 
292071 


of Intel EPLDs 


PLD Quality and Reliability 
293003 


Data Summary 


In programmable logic, several architectures have aris- 
en as industry 
standards. 
Each architecture 
has a 


unique set of features. The Intel iPLD610 represents 
the top performer in one of these industry standard 
architectures. The iPLD610 is an upgrade of the exist- 
ing Intel 5C060 and Altera EP600 devices. Although 
the architectures 
(i.e., pin-out, logic array, macrocell 


features, 
JEDEC 
map) 
are 
exactly 
the 
same, 
the 


iPLD610 represents a very significant performance up- 
grade. It should also be noted that devices with this 
same architecture are manufactured 
by other leading 


programmable logic vendors including AMD and TI. 


The features provided by the Intel iPLD610 include the 
following highlights: 


16 programmable macrocells (I/O pins) 
28-pin PLCC package 
EPROM cell, CMOS Technology (UV Erasable) 
100% Silicon Testability 
Programmable Standby Current Mode « 
100 J..l-A) 


Low Operating Power (105 mA Max) 


High Performance 
Operation 
(10 ns tpD, 6.5 ns 


teol' 
85 MHz State Machine Frequency) 


Programmable Security Bit 
Programmable Register Type 
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(a) DIP Pinout 
(b) PLCC Pinout 


Figure 
1. iPLD610 
Pinout 
Diagrams 


Figure 1 shows the pinouts of the DIP and PLCC pack- 
ages for the iPLD. The DIP version is available in plas- 
tic, one-time-programmable (OTP). The PLCC version 
comes in a 28-pin OTP package. 


The iPLD610 uses CHMOS EPROM 
(floating gate) 


cells as logic control elements instead of fuses. The 
CHMOS EPROM technology reduces power consump- 
tion in comparision to bipolar devices without sacrific- 
ing speed performance. In addition, Intel's advanced 
CHMOS III-E 
EPROM 
process technology enables 
higher logic densities to be achieved with superior 


speed and low-power performance over other compara- 
ble devices. Intel's J.LPLDsadd the benefits of "zero" 
stand-by power not available on other programmable 
logic devices. EPROM technology allows these devices 
to be 100% factory tested by programming and erasing 
all the EPROM logic control elements. 


The overall device architecture, as presented in Figure 
2, shows several architectural highlights of this device. 
In this 24/28 pin device there are 16 macrocells, each 
of which represents an I/O pin, buried register or dedi- 
cated input. There are also four dedicated input pins 
and two dedicated clock pins. 
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The dedicated clock pins otTerthe system designer add- 
ed flexibility. The CLKI 
pin provides a synch~onous 


clock input to macrocells 9-16 and the CLK2 pin pro- 
vides a dedicated synchronous clock input for macro- 
cells 1-8. The advantages of this architecture feature 
are quite obvious as the list of applications could in- 
clude: 


a) Dual state-machine operation within the same device 
b) Using logic that requires operations at CLKx and 


CLKx 
c) Implementing system control logic requiring both a 
Ix CLK and a 2x CLK (as can often be the case with 
the Intel 80386DX/SX and 80286 microprocessors) 


d) Use of some macrocells as "input latches" accepting 


asynchronous inputs, whose states are subsequently 
acted upon using another clock input. 


The next level of detail to examine the iPLD610 is at 
the macrocell level. Figure 3 provides an overview of 
the macrocell architecture. There are several key fea- 
tures that make this device very useful to system de- 
signers by overcoming 
limitations 
of the 
standard 


PAL' /GAL" 
/22VIO capabilities. Every macrocell of 


'PALt>is a registered trademark of Advanced MicroDevices. 


"GALt> is a registered trademark of LatticeSemiconductor,Inc. 


the iPLD610 has 8 sum of product terms for standard 
logic implementation. There is a separate product term 
for Asynchronous Register clear (Reset) for each regis- 
ter. In addition, there is a product term that can be 
programmed as either an asynchronous clock input to 
the register or as an output enable control. This asyn- 
chronous clocking capability for each macrocell pro- 
vides yet another level of clocking flexibility to an al- 
ready advanced architecture. The output enable control 
available on each macrocell allows any I/O pin to be 
tri-stated and provides for full control of pins used as 
both inputs and outputs. The feedback from each mac- 
rocell can be direct register feedback or pin feedback. 
Several macrocell options are detailed in the iPLD610 
Data Sheet (Lit. No. 290455). Each macrocell can be 
configured to implement registered or combinational 
logic. Register types available include D, T, JK and RS. 
This provides designers register types not found in 
many of the common programmable logic devices. Reg- 
ister type selection is also a common way to reduce 
product term requirements (rather than just going to 
higher product 
term devices), as logic development 3 


tools can minimize equations for the best fit. Whether 
registered or combinational logic is implemented, there 
is also an inversion control within each macrocell. 
Again, this can help designers minimize logic and con- 
trol output polarities by using DeMorgan's 
inversion 


rules on equations. 
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When designing with any IC, a designer would like to 
know two things: 
1) How is the part guaranteed to act (i.e., what are its 


specifications) 
2) How will it act in it's actual design environment 


The first item above will be covered in this section. 
Using the data sheet A.C. and D.C. specifications a 
designer can perform a "paper analysis" of the circuit. 
The questions to be answered here are "How does the 
Intel iPLD610 compare with competitive devices" and 
"How can the A.C. and D.C. specs best be used?" 


The second item is much harder to quantify due to the 
vast differencesbetween designs. However, a great deal 
of bench data has been collected and presented in Sec- 
tion 4, which will help the designer make these assess- 
ments. 


D.C. characteristics of the Intel iPLD610 are covered 
first. Next follows a comparison of these values with 
competitive devices. Following this is an overview of 
the A.C. specifications for the iPLD610 and, finally, a 
comparison of these specifications with other devices. 


D.C. characteristics address the direct current compo- 
nents of operating any IC. The areas covered include 
input and output voltage and current levels, and Ice 
supply current consumption. 


The input voltage levels (VIH and Vld show that the 
iPLD610 can be driven by standard TTL or CMOS 
logiccomponents, so the designer doesn't need to worry 
about mixing logic families-even though the iPLD610 
is a CMOS PLD. The VOH and VOL show that the 
iPLD610 can drive TTL loads over the specified test 
conditions. CMOS loads are capacitive in nature and 
do not require much current (typically measured in 
J.l.A). 


IOL Specifications 


The VOL test condition shows that each iPLD610 is 
capable of handling a 12 mA load while maintaining 
the output at or below 0.45V. Refer to Figure 17 (in 
Section 4) if another VOr/Y OHvalue is required. That 
figure provides typical values for the output driver of 
the iPLD61O. 


Also in the D.C. specificationsof the iPLD610 is a note 
specifyingthe total IOLfor each "bank" of 8 macrocells 
is 64 mA. This is the maximum recommended D.C. 
(steady state) current for this device. Even though the 
iPLD610 can sink 
12 mA on each output, 
this 


64 mAlbank limit should be observed to reduce e1ec- 
tromigration effects. The duty cycle of each output 
should be incorporated when calculating the steady 
state device current. For example, each output of a 4- 
bit counter is active 50% of the time. The maximum 
current for each bank is 96 mA. 


The input and output leakage current specificationsare 
± 10 J.l.A(per pin). This is an average value for CMOS 
devices.Typically, though, the total leakage for all pins 
(combined) will be within this ± 10 J.l.Arange. 


lee Specifications 


Probably the D.C. specification of the greatest concern 
to most designers is the Ice value. This value tells the • 
designer how much current will be required and how 
much heat (watts) will be generated by each device. 
Therefore, the Ice specifications of a device will affect 
both the power supply requirements and the board reli- 
ability. To generate Ice values, the device is tested with 
no load to find out how much power is consumed by 
the device itself. 


Since CMOS devicesconsume most of their power dur- 
ing transitions, Ice will greatly vary with the frequency 
of the clock or other inputs. For this reason not only 
are two values of Ice specifiedin the D.C. characteris- 
tics (at 1 MHz), but an Ice versus frequency graph is 
given at the back of the data sheet allowing more pre- 
cise current/power calculations. This graph provides 
"typical" Ice values (i.e., Vee = 5.0V,temp = 25°C). 


Another specification related to Ice is the standby cur- 
rent specification, ISB. This specification gives both 
typical and maximum values for power consumption 
when the iPLD610 is in standby mode. 


To be in standby mode the devicemust be programmed 
with TURBO = OFF and no inputs can have changed 
state for 75 ns. Wakeup time adds an additional 25 ns 
to the propagation delay through the device as mea- 
sured from the first input change (see Figure 4). The 
standby mode programming option provides designers 
of power-sensitiveapplications such as laptop PCSwith 
the capability to greatly reduce the system's power bud- 
get. 
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Isa 
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MODE 


lee 


The conclusions 
from 
this table are clear. 
The 
Intel 


iPLD610 
provides the lowest power consumption 
(Ice) 


while 
providing 
the 
highest 
output 
drive 
capability 


(12 mA). Also, it's values for standby current 
are com- 


parable 
to 
the 
other 
devices 
(although 
the 
AMD 


PALCE630 
does not otTer a standby 
mode). 


The voltage specifications 
for the iPLD610 
and com- 


petitive devices do not differentiate 
where these devices 


can be used. For this reason 
Table 
1, below, concen- 


trates on the current 
specifications. 


Spec 
lee (@ 1 MHz) 
19B 
Output 
Current 


Part No. 
Typical 
Max 
Typ 
Max 
IOL 
IOH 


Intel iPLD610 
3 mA' 
8mA 
20p.A 
100 p.A 
12mA 
-4mA 


Intel5C060 
10 mA 
15 mA 
20 fJoA 
100 fJoA 
4mA 
-4mA 


Altera EP630 
5mA 
10mA 
20fJoA 
150 fJoA 
4mA 
-4mA 


Altera EP61 0 
3mA 
10mA 
20p.A 
100 fJoA 
4mA 
-4mA 


TI EP610 
3mA 
10mA 
20fJoA 
100 fJoA 
4mA 
-4mA 


AMD 
Not 
Not 
Not 
Not 
PALCE630 
Availl. 
Avail. 
Supported 
Supported 
8mA 
-4mA 


A.C. specifications provide the real "meat" of the data 
sheet by stating the guaranteed performance of the de- 
vice. The first section of A.C. characteristics are the 
combinatorial mode A.C. characteristics. These state 
timings of non-registered logic paths in the iPLD610 
including propagation delays (tPDI and tPDZ),output 
enable/disable times (tpzx and tpxz), and asynchro- 
nous reset time for any register (teLIV. These specifica- 
tions are stating the times from any I/O or input pin 
until the selected function is performed. Propagation 
delays include AND/OR logic provided by up to eight 
product terms. 


The next table in the iPLD610 data sheet is the "Regis- 
ter Mode-Synchronous 
Clock A.C. Characteristics" 
which includes specificationsrelated to using any mac- 
rocell in registered mode which is clocked with CLKI 
or CLK2. The specifications of primary importance 
here revolve around the register setup time (tSU) and 
register clock to output time (tCOt). The setup time is 
the minimum time allowed between valid data appear- 
ing on an input and the active clock edge. The 


clock to output time states the delay from the time data 
is clocked at the register until valid data shows up at 
the output pin. The reason these two specifications are 
of concern is that together they determine the worst 
case throughput performance in registered mode. One 
highlight of the iPLD610 is how closely they match 
standard "E-PAL" specifications. Section 3.4 includes 
a summary of iPLD610 versus PAL performance. The 
maximum counter frequency, FCNTI' represents the 
maximum counter frequency with the iPLD610 using 
external feedback. External feedback means routing an 
output pin to another pin as an input. In this case the 
designer incurs both input and output buffer delays- 
but, this also simulates the activity of a multiple device 
counter or state machine. A related specification, 
FCNTZ' represents the maximum counter (state ma- 
chine) frequency using internal device feedback. FCNTZ 
is higher than FCNTrdue to elimintion of an input and 
output buffer from tne feedbackpath. Figure 5 provides 
an overview of both FCNTvalues. 


The designer must also be aware that the FMAXspecifi- 3 
cation states the maximum frequency at which the reg- 
isters in the iPLD610 can be clocked. This is due to the 
physical limitations on the period of the clock input (it 
could also be limited by register setup time). Therefore, 
FMAX = lItcw (= lImin clock width). 
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~ ------------~ 


(b) FCNT2 (Internal 
Feedback) 


Figure 5. FCNT Overview 
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Designs utilizing programmable logic can make full use 
of the iPLD610 by understanding the applications of 
FCNTI (used for multiple device state machines). 
FCNT (used for smaller. single device state machines). 
and ilMAX(used for register pipelining applications). 


Another A.C. specification of interest is tC02 which 
represents the time from CLK high to output valid fed 
through a combinatorial macrocell. Figure 6 depicts the 
difference between tCOI and te02' The teo2 specifica- 
tion shows the advantages of using internal feedack to 
gain speed when register output signals are used in 
combinatorial logic equations. 


(TRANSMISSiON 
TIME) 


INZ 


For each of the synchronous clock A.C. characteristics 
there is an asynchronous clock A.C. characteristic 
specified in the data sheet. Each macrocell of the 
iPLD610 can be programmed to be clocked with an 
asynchronous clock (generated by a separate product 
term in each macrocell). The asynchronous clock val- 
ues closely mirror the synchronous specifications in 
both definition and value. but. there are a few notable 
differences. 


~ 
-+- 
----l 
I~ -I~ 
??? 
7.5ns 
~I 


I. 
Totol 
= 14+ ns 
·1 


Using \c02: 
!co2 = 14 ns 
- teo1 = 
6.5 ns 


Effective 
Combinatorial 
Logic 


Speed 
= 7.5 ns 


(b) Intel iPLD610 Utilizing Internal Feedback 


Figure 6. Equivalent Combination 
Logic Speed Using tC02 
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The synchronous register setup and hold time specifica- 
tions (tsu and tw are 7 ns and 0 ns, respectively. The 
asynchronous register specifications show a shifting of 
specifications due to differences in internal paths. The 
asychronous register setup and hold time specifications 
(tASUand tAH) are 2 ns and 3 ns, respectively. A simi- 
lar shifting is seen if register setup and clock-to-output 
specifications are compared for synchronous and asyn- 
chronous operation as detailed in Figure 7. 


(in the 2 ns-5 ns range) one or more of the macrocells 
of the iPLD610 could be used in the asynchronous 
clocking mode. Either a control input or the system's 
synchronous clock could be routed to an input or I/O 
pin to establish the necessary "asynchronous" 
clock. 


With this technique, setup times as low as 3 ns can be 
met by the iPLD61O, although there is the trade off of a 
longer register clock-to-output delay. Low setup times 
are often required to accommodate output valid delay 
specifications of many microprocessors and system pe- 
ripherals. 
Understanding 
of these differences between synchro- 
nous and asynchronous specifications can be useful to a 
designer. If a system design requires a short setup time 


ASYNC- 
CLOCK 
(p-torm) 
• 


macrocelJ contlguratlons, etc.) are all exactly the same 
there are some differencesin the test conditions used to 
generate A.C. specification. These differences are not- 
ed. 
The comparison made here involvesother devices with 
the same architecture as the Intel iPLD61O. This in- 
cludes devicesfrom Altera, TI and AMD. It should be 
noted that Tables 2 and 3 (below) do not compare all 
A.C. specifications,rather only those best t'eflectingthe 
performance of these devices. Even though the archi- 
tectures of these devices (i.e., pinout, product term, 


The first comparison involves the higher speed parts- 
those in the 10 ns-15 ns range for tpD. The second 
comparison will involveslower parts-those 
with a tpD 


of 25 ns. The final comparison shows a summary of 
iPLD610 performance versus standard PAL devices. 


Specification 
iPLD610 
Altera 
AMD 


Area 
Specification 
EP630-15 
PALCE630-15 
Unit 
-10 
-15 


Comb. Logic Speed 
tpD1 (Input to 110) 
10 
15 
15 
15 
ns 


tpD2 (I/O to I/O) 
12 
15 
17 
15 
ns 


Sync. Counter 
Frequency 
FCNT1 C 
; 
te 
) 
74 
50 
50 
45.5 
MHz 


SU 
01 


FCNT2 (Internal 
Feedback) 
100 
66 
83 
50 
MHz 


FMAX(~J 
111 
83.3 
83 
62.5 
MHz 


Sync. Reg. Operation 
Setup Time (tsu) 
7 
12 
9 
12 
ns 


Clock to Output 
Delay (te01) 
6.5 
8 
11 
10 
ns 


Async Reg Clear (tCLR) 
13 
15 
15 
N/A 
ns 


Hold Time (tH) 
0 
0 
0 
0 
ns 


Async. Reg. Operation 
Setup Time (tASU) 
2 
4 
6 
5 
ns 


Hold Time (tAH) 
3 
6 
6 
9 
ns 


Clock to Output Delay (tAC01) 
12 
16 
15 
17 
ns 


Async. Counter 
Freq. 
( 
1 
) 
71.4 
50 
47.6 
45 
MHz 
FACNT 
1 
tASU + tAC01 


FACNT2 (In1, Feedback) 
100 
66 
71 
48 
MHz 


FAMAX (Pipelined) 
100 
66 
71 
62.5 
MHz 


DEControl 
tpzx (Input to Enable) 
15 
18 
15 
15 
ns 


tpxz (Input to Disable) 
13 
18 
15 
15 
ns 
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Table 
3. A.C. Specification 
Comparison-Mid 
Range 
Device 
Propagation 
Delay 
= 25 ns 


Specification 
Specification 
iPLD610-25 
Altera/TI 
AMD 
Unit 
Area 
EP610-25 
PALCE630-25 


Comb. Logic Speed 
tpD1 (Input to 1/0) 
25 
25 
25 
ns 


tpD2 (1/0 to 110) 
25 
27 
25 
ns 


tClR (Async Reg Clear) 
25 
27 
N/A 
ns 


Sync. Register 
FCNT1 C 
; 
te 
) 
40 
27.8 
37 
MHz 


Performance 
SU 
01 


FCNT2 (Int Feedback) 
40 
40 
40 
MHz 


FMAX (PiPelined 
= ~w) 
50 
47.6 
50 
MHz 


Sync Register 
tsu (Setup Time) 
15 
21 
15 
ns 


Operation 
tH (Hold Time) 
0 
0 
0 
ns 


tC01 (Clock to Output Delay) 
10 
15 
12 
ns 


Async Register 
FACNT1 (Ext. Feedback) 
33.3 
28.5 
28.6 
MHz 


Performance 
FACNT2 (Int. Feedback) 
40 
40 
29 
MHz 


FAMAX (Pipelined) 
50 
47.6 
41.6 
MHz 


Async Register 
tASU (Setup Time) 
5 
8 
8 
ns 


Operation 
tAH (Hold Time) 
8 
12 
12 
ns 


tAC01 (Clock to Output Delay) 
25 
27 
27 
ns 


OE Control 
tpzx (Input to Enable) 
25 
25 
25 
ns 


tpxz (Input to Disable) 
25 
25 
25 
ns • 
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At the "slower" end of the product line (tpD = 25 ns), 
the iPLD610 provides an upgrade to existing 25 ns tpD 
devices-especially 
in the area of synchronous register 


operations. From there a designer can migrate a design 
to the iPLD61O-15 and fmally to the state-of-the-art in 
architecture/performance, 
the Intel iPLD610-10. 


A common application for higher integration devices 
such as the iPLD610 IJoPLDis upgrading existing PAL 
designs. Table 4 summarizes the performance specifica- 
tions of the iPLD610 and standard PAL devices. The 
primary register-related specifications of the iPLD61O, 
tsu and tcol' 
are equal to E-PAL performance levels. 


This results m FCNTI specifications between the two 
devices which are very close. Also of note is that FMAX 
of the iPLD610 is III MHz, compared to 100 MHz for 
the 
E-PAL. 
The 
major 
differences 
between 
the 


iPLD610 and the PAL devices are in the tpD and ICC 
values. The iPLD610 cannot meet the faster combina- 
tionallogic 
speeds of PAL devices, however, PALs re- 


quire about 2 times more current than the iPLD61O. 
This Icc difference is important in many design areas 
including power supply sizing, cooling requirements, 
and overall system reliability. 


Table 4. iPLD610 vs PAL 
Performance 
Summary 


Specification 
iPLD610 
"E-PAL" "D-PAL" 
Units 
20xx-7 
20xx-10 


tsu 
7 
7 
10 
ns 


teo1 
6.5 
6.5 
8 
ns 


FCNT1 
74 
74 
55.5 
MHz 


FMAX 
111 
100 
71.4 
MHz 


tpD 
10 
7.5 
10 
ns 


Icc(max) 
105 
210 
210 
mA 


As system designs climb to higher speeds and time to 
market becomes more critical, designers require more 
detailed information than is available in the data sheet. 
The main emphasis here is to provide designers with 
characterization 
data of key aspects of the iPLD61O. 


This data will help avoid unforseen problems in the 
design, prototype, and production phases. 


Data was measured with the output load specified in 
the iPLD610 data sheet (shown also in Figure 8), unless 
otherwise specified. The topics covered in this section 
are: 


• Output Slew Rates 
• Combinational Logic Concerns 
(tpD Characteristics) 
• Synchronous Register Operation Characteristics 
• Asynchronous Register Operation Characteristics 
• Output Current Characteristics 
• Design Considerations 


TO TEST 
SYSTEM 


CL (INCLUDES 
JIG 
CAPACITANCE) 


Several key advantages of using Intel IJoPLDsare deriv- 
atives of the output buffer design. One of these is slow 
output slew rates which minimizes system noise. Signal 
ringing (noise) can result if output rise times are shorter 
then twice the signal transmission time. Thus, the faster 
the edge rate of any device output the shorter the board 
trace that is allowable before transmission line effects 
must be considered. This generally involves series or 
parallel termination and more consideration of device 
location and signal routing. The iPLD610 seeks to limit 
these design problems by providing lower output slew 
(edge) rates. 


Figures 9 and 10 provide a sample of the iPLD610 out- 
put slew rate characterization. 
Table 5 shows there is 


very little variation over temperature, although the val- 
ues do decrease as temperature increases. Table 6 shows 
there is very little variation over the number of outputs 
switching simultaneously, although it does decrease as 
the number of outputs increases. The results show out- 
put slew rates comparable to those of bipolar PALs and 
much lower than CMOS GALs (which are in the 3-5 
VIns range). The edge rates provided by the iPLD610 
provide designers with flexibility without constantly 
worrying about transmission line effects. 
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Table 5.iPLD610 Output Slew Rate 
vs Temperature 


Transition 
Package 
Temp 
Slew 
Type 
ee) 
Rate (V/ns) 


L--+H 
PDIP 
0 
1.1 
PDIP 
25 
1.1 
PDIP 
70 
1.0 
----- 
- --- 
------ 
CerDIP 
0 
1.0 
CerDIP 
25 
1.0 
CerDIP 
70 
0.9 


H--+L 
PDIP 
0 
1.2 
PDIP 
25 
1.2 
PDIP 
70 
1.1 
----- 
- --- 
------ 
CerDIP 
0 
1.2 
CerDIP 
25 
1.2 
CerDIP 
70 
1.1 


Vcc 
= S.OV 
No outputs switching = 8 


Table 6.iPLD6100utput 
Slew Rate 
vs Number of Outputs Switching 


Transition 
Package No. of Outputs 
Slew 
Type 
Switching 
Rate (V/ns) 


L--+H 
PDIP 
2 
1.1 
PDIP 
8 
1.1 
PDIP 
15 
1.0 
- - -- 
------- 
------ 
CerDIP 
2 
1.1 
CerDIP 
8 
1.0 
CerDIP 
15 
0.9 


H--+L 
PDIP 
2 
1.3 
PDIP 
8 
1.2 
PDIP 
15 
1.2 


- - -- 
------- 
------ 
CerDIP 
2 
1.3 
CerDIP 
8 
1.2 


CerDIP 
15 
1.1 


Vcc 
= S.OV 
Temp. 
= 2SoC 


Combinational 
Logic Performance 


(tpo) 


This section shows how propagation 
delay for the 


iPLD610 is affected by factors that vary from one ap- 
plication to another. Note typical parts have propaga- 
tion delays 1-2 ns below the value specified in the data 
sheet. Data such as this can aid designers required to 
"fine tune" their designs and/or 
provide worst-case 


timing analyses. 


As the number of device outputs switching simulta- 
neously increases, average propagation delay through 
devices also increases. This increase is related to pack- 
age power and ground leads to channel the additional 
current. Figure 11 shows the relation of tpD to the 
number of outputs switching. Note, this data reflects 
worst case conditions (high temperature, low Vcd and 
all outputs have loads as specified in the iPLD610 data 
sheet. 
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Vcc = 4.75V 
CL = 30pF 


Knowledge of how devices behave as capacitive loading 
is increased is an important consideration when design- 
ing high-speed systems. Figure 12 shows derating from 


specified values for a typical iPLD610 at high tempera- 
ture, low Vcc conditions for both low-ta-high and 
high-to-low transitions as capacitance increases. 


Conditions: 
TA = 70·C 
Vcc 
= 4.75V 
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As additional p-terms for a macrocell are used, internal 
device loading causes propagation delay to increase or 
decrease slightly. Figure 13 shows this slowdown for 
the iPLD610 at room temperature conditions with I 
output switching. 


Provided in this figure is the worst case variation be- 
tween low-to-high and high-to-Iow graphs (including 


variation due to logic inversion (ON or OFF). This pro- 
vides an envelope inside which any other conditions 
will fall. Designers can see that the worst case variation 
is less than I ns. Further characterization shows this 
variation does not change very much over temperature. 
The absolute values shown in this figure are from "typi- 
cal" iPLD610 devices. 


-... 
H-l.INV=O 
-c!:::====:::::::::::_::::::::::t::~j~~~(::::: 


l--H,INV=O 


Temp. 
= 25"C 


Vcc 
= 5.0V 
CL=30pF 
1 Output 
Switching 


teo) (clock to register output valid) is in the 2.0 ns to 
7.0 ns range for the iPLD61O-12.As shown in Figure 
14the teol value varies only slightly (less than 700 ps) 
over the operating temperature range of this device. 


This data demonstrates to designers that the teo I value 
is fairly constant over temperature. which eases their 
task in performing a worst-case circuit analysis. This 
figure shows the teO) characterization at Vee 
= 


4.75V (the worst-case value). There is virtually no vari- 
ation in H ---. L characterization with Vee 
varied 


from 4.75V to 5.25V. There is a small variation (less 
than 0.5 ns) in the L ---. H transition due to Vee 
changes. The result is a teo) value that does not change 
much over temperature and Vee. 
Vcc = 4.75V 
1 Output 
Switching 
Spec. 
Load 
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When registers within the same programmable logic de- 
vice are clocked (using the synchronous clock input), 
ideally all outputs would change state simultaneously. 
This does not reflect the reality of differences in inter- 
nal clock routing and ground path differences. Thus, 
there is some skew between outputs. As long as this 
skew remains small there is no impact on system de- 
sign. Large skews can cause a need for additional syn- 
chronization logic and re-evaluation of system timing 
constraints. 


Due to its high-speed double metal process, the output 
skew on the iPLD610 is very tight. Typical skew be- 
tween fastest and slowest register within one "bank" 
(i.e., clocked by the same clock pin) is shown in Table 
7. 


Table 7. iPLD610 
Register-to-Register 
Skew Characterization 


O·C 
70·C 


High to 
Low to 
High to 
Low to 
Low 
High 
Low 
High 
(ps) 
(ps) 
(ps) 
(ps) 


120 
310 
120 
340 


ASYNCHRONOUS 
REGISTER 
OPERATION 
CHARACTERISTICS 


In addition to combinational 
logic and synchronous 


registered logic, the iPLD610 can implement asynchro- 
nously-clocked registered logic. This means a product 
(AND) term can be used to control the register in any 
macrocell. Each macrocell has a separate product term 
which can be used for this purpose. Also, as discussed 
in Section 3 there are a separate set of A.C. specifica- 
tions for asynchronous register operation. Two of the 
key specifications are the asynchronous clock-to-output 
delay (tACO,) and the asynchronous register setup time 
(tASU)· 


tAC01 Characteristics 


Knowing how this specification varies over supply volt- 
age (Vcd 
and temperature may be useful to a designer 


concerned with detailed system timing analysis. Figure 
15 shows this tACO, characterization 
(H - 
L tran- 
• 
sition only) and how small the changes are over both of 
these v~riables. This figure shows tco, 
will increase if 


Vcc is decreased 
()f if system temperature 
increases, 


although temperature has a much greater impact on its 
value. The total variation over both of these parameters 
is fairly small (less than 2 ns) showing the solid design 
of the asynchronous circuitry of the iPLD61O. 


.. 
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•• 
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VCc=4.75 
------- 
Vcc = 5.00 


Vcc = 5.25 


1 Output 
Switching 
Spec. 
Load 


40 


Temperature 
(Oc) 
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voltage. Figure 16 presents the characterization of this 
specification. Of note are the very small changes over 
both temperature (less than 50 ps over O"C-70·C 
range) and supply voltage (less than 350 ps variation 
over a 4.75V-5.25V range). Both of these show the 
exceptional stability of this circuitry. 


Another important specification related to asynchro- 
nous register operation is tASU,the register setup time. 
A designer performing circuit analysis may need to 
know how this may vary over temperature and supply 


0.0 
- - - - - - - - - - - - - - 
- - tASU - - - - - - 
- - 
- - - - - - - - - - .• 


Ycc = 4.75 


Ycc = 5.00 


Ycc = 5.25 


1 Output 
SWitching 


Spec. Load 


There are no issues with exceeding the 64 mA current 
for short periods of time, (up to 192mA total), howev- 
er, the average current consumption should not be 
above this level. 


Designers should note the method of 10Lspecifications 
in the iPLD610 data sheet. Each output can sink up to 
12 mA (while meeting the specified Vou. 
However, 
the average (DC) load for each bank of macrocells (I/O 
pins) is 64 mA. This means the DC load for macrocells 
1-8 (pins 3-10) should not exceed 64 mA. This same 
limitation applies to macrocells 9-16 
(pins 15-22). 


Another important aspect of output driver capability is 
the 10 vs VOLand VOH.The curves in Figure 17dem- 
onstrate the current source/sink capabilities over a 
range of output voltages. 
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Other 
Design 
Considerations 


High-performance CMOS devices such as the iPLD610 
are capable of driving large loads at fast edge rates. 
This capability means that noise control must be an 
important consideration during system design. Multi- 
layer PC boards utilizing ground and power planes pro- 
vide low resistance and low inductance connections be- 
tween the power sources and devices. 


System noise control also requires good decoupling ca- 
pacitance. Boards with power and ground planes but no 
decoupling capacitors can still have noise problems. 
High speed transients of devices may demand up to 
500 mA of current, which can result in a volt or more 
of switching noise on the local supply lines. Decoupling 
capacitors can help prevent this performance degrada- 
tion by providing a local power source during output 
transitions. With the addition of decoupling capacitors, 
it is possible to reduce the local supply noise to 200 mV 
or less. 


Capacitor 
selection is important 
for this application 


since the frequencies involved in high-speed systems 
can exceed 100 MHz. High-frequency capacitors are 
called for. The capacitors should provide low series in- 
ductance; leadless chip caps are the best choice, with 


short leaded capacitors 
as a more available second 


choice. The equivalent circuit for a capacitor is a series 
resonant circuit. If the inductive element in the capaci- 
tor is too high, the capacitor will appear inductive at 
high frequencies. 


Assuming that everything possible has been done to 
manage noise on the supply lines outside the device, 
internal noise can still be a problem. The internal noise 
generated during switching transients is caused by out- 
put buffer design, package design, and output loading. 
Some suggestions for reducing noise are as follows: 
• Select a low-inductance package such as PLCC. 
• Reduce the output loading. 
• Reduce the number 
of simultaneously 
switching 


outputs. 


• Limit the voltage swing to OV-3V by correctly ter- 


minating outputs with resistors to ground. 


Designing high-speed P.C. boards requires closer atten- 
tion to design issues that are not as important for slow- 
er systems. These elements include: 
• Termination of transmission lines. 
• Clock signal routing. 
• Power distribution and heat dissipation. 


• 
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The iPLD61O's high speed and architectural flexibility 
can be applied to many of today's system design prob- 
lems. Applications requiring storage and decode of 
more than 8 bits, high-performance registers, state ma- 
chines, and control logic all find a solution in the 
iPLD61O. 


The following is a list of several application ideas for 
the iPLD61O: 
(a) Bus Controller: For 386, 486 or other microproces- 


sors. The PLD can integrate bus state tracking, 
READY logic and bus status decoding. 
(b) Shared Memory Arbitration/Bus Control: Useful 
for intelligent EISA/MCA 
cards, multiprocessor 


system designs and applications requiring sharing 
of resources on a common bus. 
(c) Custom Control Register: The iPLD610 imple- 
ments an 8-bit, high-speed, bidirectional register. 
Additional decode of each register bit provides dis- 
crete control signals to microprocessor and periph- 
eral devices. 


These applications will be discussed further to help you 
fully use the architecture and performance of the 
iPLD61O. 


In every 80386DX microprocessor system, bus control 
logic must be implemented to provide an interface to 
system peripherals, I/O devices, and system memory. 
The bus controller requirements can vary in complexity 
depending on system performance, memory hierarchy, 
and other factors. Figure 18 shows an example of an 
80386 subsystem with an iPLD610 bus controller. The 
bus controller decodes processor status signals, pro- 


vides system peripheral/I/O device control signals, and 
manages bus cycle timing. In th)s case the bus control- 
ler implemented performs the following functions: 


Decode of 386 bus status signals to generate 
EPROM control, Interrupt 
Acknowledge cycles 


and I/O ReadlWrite signals. In addition, the I/O 
READY indication is generated. 
Bus Transceiver Control (OE Control) 
Bus State Tracking functions to determine if the bus 
is active or if a pipelined bus cycle is occurring. 


Each of these three functions represent interdependent 
state machines. These state machines were designed 
and implemented using the ABEL logic compiler from 
Data I/O Corp. 


The design file for the 386 bus controller is shown in 
Figure 19. Note the device name used "E0600" is valid 
for all devices with architectures compatible with the 
iPLD61O.This would include the Intel 5C060 and the 
Altera EP600, 610, 630, among others. This ABEL 
source file was implemented in the same fashion as 
common PALs or GALs. although the extended fea- 
ture of the iPLD610 are available to the designer. 


One note, when using test vectors with an ABEL 
source file be sure to toggle the proper clock or clocks. 
The iPLD610 has two synchronous clock inputs and 
when in doubt, toggle both. Another ABEL feature 
which is relevant to the iPLD610 is the "ISTYPE" 
statement. This can be used by the designer if specific 
register types, feedback or invert options are required 
for any iPLD610 implementation. Upon successful 
compilation of this source file by ABEL, a .DOC file 
(see Figure 20) was generated (along with the required 
JEDEC file) which shows the reduced equations and 
device pin-out. This bus state tracker will work for 
80386DX designs up to 33 MHz (CLK2 = 66 MHz) 
due to the iPLD61O's state machine frequency specifi- 
cation (FeNT,) of 66 MHz. 
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module 
pst060; 
flag 
'-r3'; 
title 
'io controllerj 
bus 
state 
tracker 
intel 
corporation' 


"This pld generates 
lORD', 
IOWR', 
EPRD', 
and 
INTAt 
for the 
"peripheral 
subsystem. 
It decodes 
and responds 
to the following 
"bus cycles: 
ijo read, 
ijo write, 
memory 
read 
(with A31 high), 
"interrupt 
acknowledge, 
halt, 
and shutdown. 
Also, 
it performs 
"bus state 
tracking 
functions 
which 
determine 
when 
the bus 
is 
"active. 


U1 device 
'E0600'; 
h,l,c,x,p 
1,0, .C., .X., .P.; 


gnd pin 12; 
vcc pin 24; 


c1k2 pin 
13; 
elk2a pin 
1; 
elk pin 2; 
na pin 
3; 
mio pin 23; 
wr pin 5; 
1c pin 6; 
pa3l pin 7; 
tiaedly pin 
8; 
bUscyc pin 9; 


recv pin 
15; 
iord pin 
16; 
iowr pin 
17; 
eprd pin 
18; 
inta pin 
19; 
trioen pin 
20; 
iordy pin 
21; 


"80386 
CLK2 
"80386 
CLK2 
"low during 
phase 
1, high during 
phase 
2 
"low to begin 
bus 
cycles 
"high during 
memory 
CYCles, 
low for 
ijo 
"high 
for write, 
low for read 
"high 
for data 
cycles, 
low for control 
cycles 
"processor 
address 
A31 
"time delay 
input 
"low during 
active 
bus 
cycles 


"low during 
float 
and recovery 
"low to read 
io 
"low to write 
io 
"low to read 
eproms 
"low for interrupt 
acknowledge 
"low to enable 
io transceiver 
"low to indicate 
ready 


"low to begin 
bus 
cycles 
"low to end bus 
cycles 


"high to make 
address 
latch 
transparent 
"low after 
pipelined 
bus cycles 


ads pin 
14; 
ready pin 
11; 


aleio pin 
22; 
pipecyc 
pin 
4; 


idle 
ioread1 
ioread2 
iowrite1z 
iowrite2~ 
epread1 
epread2 
intak1 
intak2 
recover 


[1,1,1,1,1,1]; 
[0,1,1,1,1,1]; 
[0,1,1,1,0,1]; 
[1,0,1,1,1,1]; 
[1,1,1,1,0,1]; 
[1,1,0,1,1,1]; 
[1,1,0,1,0,1]; 
[1,1,1,0,1,1]; 
[1,1,1,0,0,1]; 
[1,1,1,1,1,0]; 


int:el. 


(!iord , elk) • 
(!iowr , elk) • 
(!inta , elk) • 
(laleio , !elk); 


state diagram 
[trioen]; 
state-1: 
"idle 
if 
(na , !buseye , Imio , !pa31 , reev , elk) then 
0 
else if (na , !buseye 
, mio , pa31 , reev , elk) then 
0 
else 1; 


it (Iiordy , elk) then 
1 
else if (buseye , elk) then 1 
else 0; 


state_diagraa 
[iord, iowr, eprd, 
inta, iordy, recv]; 
state idle: 
case 
na' 
Ibuseye , pa31 
, Iwr , elk: epread1; 
na , Ibuseye , Ipa31 , Imio , de , wr , elk: iowrite1; 
na , Ibuscye , Ipa31 , Imio , de , lwr , elk:ioread1; 
na , Ibuscye , Ipa31 , Imio , !de , Iwr , elk: 
intak1; 
na , Ibuseye , mio 
, !de , wr , elk: iowrite2; 
"halt 
endease; 


state epread1: 
if (Itimedly 
, elk) then epread2 
else epread1; 
state epread2: 
it (elk) then 
idle else epread2; 
state iowritel: 
it (Itimedly 
, elk) then 
iowrite2 else 
iowritel; 


it (Imio , elk) then recover 
else it 
(mio , elk) then 
idle 
else iowrite2; 
if (ltimedly 
, elk) then ioread2 
else ioreadl; 
it (elk) then recover 
else ioread2; 
if (Itimedly 
, elk) then 
intak2 else 
intakl; 
it (elk) then 
recover 
else intak2; 
if (ltimedly 
, elk) then idle else recover; 


state ioreadl: 
state ioread2: 
state intakl: 
state intak2: 
state recover: 


"bus cycle tracking 


state_diagram 
[buseye, pipeeye] 
state[l,l]: 
"idle 
it 
(lads' 
elk) then 
[0,1] 
else 
[1,1]; 


state 
[0,1]: 
"active 
if 
(!ready , ads' 
elk) then 
[1,1] 
else if (lready , lads' 
elk) then 
[1,0] 
else 
[0,1]; 


• 


int:el. 


state 
[1,0]: 
"pipelined 
if(clk) 
then 
[0,1] 
else 
[1,0]; 


state 
[0,0]: 
"illegal 
goto 
[1,1]; 


"'t"nllll""""n'",',n"""""""",,,,n"", ••,",,n"I""""'""""""11""'1""'1"1'"""""""""""'1" 
test vectors 
([c1k2,clk2a,clk,na,mio,wr,dc,pa31,timedly,buscyc] 
_> 
- 
[iord,iowr,eprd,inta,iordy,recv]); 


[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,h]; 
"idle 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,h]; 
"idle 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,h]; 
"idle 


[c,c,h,x,x,x,x,x,x,l] 
-> 
[h,h,h,h,h,h]; 
"preload 
buscyc 
[c,c,h,h,h,l,l,h,h,l] 
-> 
[h,h,l,h,h,h]; 
"eprom 
read 
[c,c,h,h,h,l,l,h,h,l] 
-> 
[h,h,l,h,h,h]; 
"eprom 
read 
[c,c,h,h,h,I,l,h,h,l] 
-> 
[h,h,l,h,h,h]; 
"eprom 
read 
[c,c,h,h,h,l,l,h,h,l] 
-> 
[h,h,l,h,h,h]; 
"eprom 
read 
[c,c,h,h,h,l,l,h,l,l] 
-> 
[h,h,l,h,l,h]; 
"eprom 
read 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,h]; 
"idle 


[c,c,h,h,l,l,h,l,h,l] 
-> 
[l,h,h,h,h,h]; 
"io read 
[c,c,h,h,l,l,h,l,h,l] 
-> 
[l,h,h,h,h,h]; 
"io read 
[c,c,h,h,l,l,h,l,h,l] 
-> 
[l,h,h,h,h,h]; 
"io read 
[c,c,h,h,l,l,h,l,h,l] 
-> 
[l,h,h,h,h,h]; 
"io read 
[c,c,h,h,l,l,h,l,l,l] 
-> 
[l,h,h,h,l,h] ; 
"io read 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,l]; 
"recovery 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,l]; 
"recovery 
[c,c,h,h,h,h,h,h,l,h] 
-> 
[h,h,h,h,h,h]; 
"idle 


[c,c,h,h,l,h,h,l,h,l] 
-> 
[h,l,h,h,h,h]; 
"io write 
[c,c,h,h,l,h,h,l,h,l] 
-> 
[h,l,h,h,h,h]; 
"io write 
[c,c,h,h,l,h,h,l,h,l] 
-> 
[h,l,h,h,h,h]; 
"io write 
[c,c,h,h,l,h,h,l,h,l] 
-> 
[h,l,h,h,h,h]; 
"io write 
[c,c,h,h,l,h,h,l,l,l] 
-> 
[h,h,h,h,l,h]; 
"io write 
[c,c,h,h,l,h,h,h,h,h] 
-> 
[h,h,h,h,h,l] ; 
"recovery 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,l] ; 
"recovery 
[c,c,h,h,h,h,h,h,l,h] 
-> 
[h,h,h,h,h,h]; 
"idle 


[c,c,h,h,l,l,l,l,h,l] 
-> 
[h,h,h,l,h,h]; 
"interrupt 
ack 
[c,c,h,h,l,l,l,l,h,l] 
-> 
[h,h,h,l,h,h]; 
"interrupt 
ack 
[c,c,h,h,l,l,l,l,h,l] 
-> 
[h,h,h,l,h,h] ; 
"interrupt 
ack 
[c,c,h,h,l,l,l,l,h,l] 
-> 
[h,h,h,l,h,h]; 
"interrupt 
ack 
[c,c,h,h,l,l,l,l,l,l] 
-> 
[h,h,h,l,l,h] ; 
"interrupt 
ack 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,l]; 
"recovery 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,l]; 
"recovery 
[c,c,h,h,h,h,h,h,l,h] 
-> 
[h,h,h,h,h,h]; 
"idle 


[c,c,h,h,h,h,l,l,h,l] 
-> 
[h,h,h,h,l,h]; 
"halt or shutdown 


[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,h]; 
"idle 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,h]; 
"idle 


int'el. 


[p,h,l,l] 
-> 
[X, x] 
[e,l,h,h] 
-> 
[x,hJ 
[e,h,h,l] 
-> 
[h,hJ 
[e,l,h,h] 
-> 
[h,hJ 
[e,h,l,hJ 
-> 
[l,hJ 
[e,l,h,lJ 
-> 
[l,hJ 
[e,h,h,lJ 
-> 
[h,hJ 


[e,l,l,hJ 
-> 
[h,hJ: 
[e,h,l,hJ 
-> 
[l,hJ: 
[e,l,h,lJ 
-> 
[l,hJ; 
[e,h,l,lJ 
-> 
[h,lJ; 
[e,l,l,h] 
-> 
[h,IJ; 
[e,h,h,h] 
-> 
[l,hJ; 


[e,h,h,lJ 
-> 
[h,hJ; 
[e,l,h,hJ 
-> 
[h,hJ; 
[e,h,l,hJ 
-> 
[l,h] ; 
[e,l,l,h] 
-> 
[l,h] ; 
[e,h,h,h] 
-> 
[l,hJ: 
[e,l,h,h] 
-> 
[l,hJ: 
[e,h,h,hJ 
-> 
[l,hJ: 
[e,l,h,e] 
-> 
[l,hJ; 
[e,h,h,l] 
-> 
[h,h] : 
[e,l,h,h] 
-> 
[h,hJ; 


end pst060; 
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- Reduced 
Equations 
for 
device 
Ul: 


!aleio 
:= 
(!elk 
& !aleio t elk' 
!inta t elk 
& !iowr t 
elk 
& !iord); 


!trioen 
:= (!elk & !trioen 
t 
!buseye 
, 
!trioen 
& iordy 
t 
elk 
& na 
, mio 
, pa3l 
, 
!buseye 
, recv 
& trioen 
t 
elk' 
na 
, 
!mio '& !pa31 & !buseye 
& reev 
& trioen); 


!iord 
:- 
(!elk 
& recv 
, 
!iord & iowr 
& eprd 
& inta 
t 
recv 
& !iord & iowr 
& eprd 
, inta 
& iordy 
t 
elk 
& na & lmio 
, 
!wr 
, de 
, 
!pa31 
, 
!buseye 
, recv 
& iowr 
, 
eprd 
& inta & iordy); 


!iowr 
:- 
(lelk 
, reev 
, iord 
, 
!iowr 
, eprd 
& inta 
, iordy 
f 
timedly 
& recv 
& iord 
, 
liowr 
& eprd 
, inta 
& iordy 
f 
elk 
& na 
, 
!mio & wr 
, de 
, 
lpa31 
& !buseye 
& reev 
& iord 
, 
iowr 
& eprd 
& inta & iordy); 


:- 
(lelk 
& recv 
& iord 
& iowr 
& leprd 
& inta 
f 
recv 
& iord 
, iovr 
& 
leprd 
, inta 
& iordy 
f 
elk 
& na 
, 
!wr & pa31 
, 
!buseye 
& reev 
, iord 
& iowr 
& inta 
, iordy); 


!inta 
:- 
(lelk 
& reev 
, iord 
& iovr 
, eprd 
, 
!inta 
f 
reev 
& iord '& iowr 
& eprd 
& linta 
, iordy 
f 
elk 
& na 
, 
lmio 
, 
lwr 
, 
!de & !pa31 
, 
!buseye 
& reev 
, iord 
, iowr 
, eprd 
, iordy); 


!iordy 
:- 
(lelk 
, reev 
, iord 
& iowr 
, eprd 
& !iordy 
f 
elk,' 
ltimedly 
& reev 
, iord 
, 
iovr 
& eprd 
, 
!inta & iordy 


t 
lelk 
, reev 
, iowr 
, eprd 
, inta 
, 
liordy 
f 
elk 
& ltimedly 
& reev 
, 
!iord 
& iowr 
& eprd 
& inta 
, iordy 


f 
lelk 
, recv 
, iord 
& iowr 
& inta 
& !iordy 
f 
elk 
& !timedly 
& reev 
& iord 
& iowr 
& !eprd 
, inta 
, iordy 


t 
elk 
& na & mio 
& wr 
& !de & !buseye 
& reev & iord 
& iovr 
& 
eprd 
& inta 
& iordy); 


!reev 
:- 
(lelk 
& !recv 
& iord 
, 
iovr 
& eprd 
& inta 
& iordy 
f 
timedly 
& Ireev & iord 
, iowr 
, eprd 
& inta & iordy 
f 
elk 
& recv 
, iord 
, 
iowr 
& eprd 
, 
linta & liordy 
t 
elk 
& recv 
& liard 
& iowr 
& eprd 
& inta & 
!iordy 
f 
elk 
& lmio & reev 
& iovr 
& eprd 
& inta & liordy); 


int'el. 


!buseye 
:= (elk' 
buseye 
& !pipeeye 
t 
!elk & !buseye 
& pipeeye 
t 
!buseye 
, ready 
, pipeeye 
t 
elk & buseye 
& lads); 


!pipeeye 
:= (lelk , buseye 
, 
!pipeeye 
t elk' 
lbuseye 
& lads & !ready 
& pipecyc); 


elk 
2 
23 
mio 


na 
3 
22 
aleio 


pipeeye 
4 
21 
iordy 


wr 
5 
20 
trioen 


de 
6 
19 inta 


pa31 7 
18 
eprd 


timedly 
8 
17 low,.. 


buscyc 
9 
16 
iord 


10 
15 racy 


ready 
11 
14 
ads 


gnd 
12 
13 
elk2 
• 


int'eL 


5.2 Shared Memory Arbitration/Bus 
Control 


Sharing 
resources 
(usually 
memory) 
on a common 
bus 


is becoming 
more and more common 
in today's 
system 


designs. Not only are many systems, including 
personal 


computers, 
being implemented 
as multiprocessors, 
but 
peripheral 
controllers 
are 
becoming 
more 
intelligent 
and capable of controlling 
the bus by themselves. 
Thus, 
arbitration 
logic is required 
to determine 
which proces- 


sor/controller 
currently 
has control 
of each shared 
re- 


source. In addition, 
the designer may want to incorpo- 
rate a variety of associated 
functions 
including: 


• 
READY 
Logic (Bus Cycle Control) 


• 
Address 
Pipelining 
Support 


• 
Memory 
Burst Control 


• 
Wait-State 
Generation 


• 
I/O 
Chip Select Logic 


• 
Bus Throttling 
Logic 


• 
DRAM 
Control/Refresh 
Logic (if used instead 
of 
SRAM) 


• 
EPROM 
Control 
Logic (if microprocessor 
code is 
not in SRAM) 


The example to be discussed here is an intelligent 
EISA 


communications 
add-in card (see Figure 21). The arbi- 
tration 
logic must 
decide 
if the communications 
con- 
troller, 
on-board 
microprocessor 
or EISA bus control- 
ler has access to the on-board 
static 
RAM 
(SRAM). 
The on-board 
SRAM 
mainly acts as a high-speed 
data 


EISA 
Bus 
h4aster 


Hold Request 


CS· 


buffer for the communications 
controller 
to off-load the 


EISA 
bus by providing 
block 
size transfers. 
The on- 


board microprocessor 
initializes the EISA control 
logic 


and communications 
controller 
and provides 
handling 


of local interrupts/error 
conditions. 
A block diagram 
of 


the system and required 
logic are provided 
by Figures 


21 and 22, respectively. 
The "communications 
control- 


ler" may be implementing 
an ISDN, 
high-speed 
serial, 


Ethernet, 
FDDI 
or other 
communications 
link. Often 


these devices can themselves 
control 
the local bus and 


provide 
DMA 
capabilities 
to move data 
to and from 


memory. Also, many of these controllers 
have on-board 


data 
FIFOs 
that 
may necessitate 
a need for bursting 


data to/from 
the local memory. 


Each 
of the three 
bus control-capable 
devices 
is as- 


sumed to have "Bus Request" 
and "Bus Grant" 
signals 


that are routed 
to the arbitration 
logic. The iPLD610 


provides 
8 product 
terms 
(in addition 
to separate 
OE 


and RESET 
product 
terms) 
in each macrocell, 
which 


allows for increased 
flexibility 
in choosing 
an arbitra- 


tion scheme. 
Common 
schemes 
include 
fixed priority, 


rotating 
(or 
last 
granted, 
lowest 
priority), 
or 
First- 


Come, First-Serve. 
In this example a rotating 
priority 
is 


implemented 
to assure 
a balance 
of accesses 
between 


the devices, and to decrease the worst-case 
service time 


to help 
prevent 
data 
underflow/overflow. 
Figure 
23 


shows the state diagram 
of the 3-way bus arbitration 


logic. This method is easily expandible 
if more bus mas- 


ters were present, as would be the case for DRAM 
Re- 


fresh 
requests 
and/or 
multiple 
communications 
con- 


trollers 
or in a multiprocessing 
system. 


Communications 
Controller 
(Ethernet, 
FOOl, 
SOLC, High-Speed 
Serial) 


Hold Request 


CS· 


intel· 


}'P Bus request 
EISA Control 
Com m. Control 
Req. 


Wait 
State 
Generator 
(2 Reg) 


" 


XX 


EISA 
BUS 
l.4ICROPROCESSOR 


CNTL 
GRANT 
BUS 
GRANT 


COl.4l.4 cNTL 
BUS 
GRANT 


• 


This state machine could easily be changed to default to 
grant the bus to the microprocessor when no device 
requests are active. 


In this implementation each bus grant allows the grant- 
ed deviceto execute a "burst transfer". Thus, a counter 
is needed to keep track of the following: 


Device 
Burst 
Data 
Transfer 
Transfer 
Size 


Microprocessor 
1 
16-bit 


Comm Controller 
8 
16-bit 


EISA Controller 
8 
16-bit 


The burst counter counts the number of times READY 
("bus cycle completed") is generated and ends the 
transaction after the appropriate number of transfers, 
which signals the arbitration logic to re-arbitrate the 
local bus. This means the size of each transfer in the 
burst is transparent to the burst logic. Logic is also 
required to generate local.chip selects for the RAM, 
Comm Controller and EISA Bus Controller. The mem- 
ory map for each device is the same (i.e., the SRAM, 
etc. are at the same addresses for each device)and there 
are very few addresses required to implement this sys- 
tem, therefore the chip selects are generated from two 
high-order address lines. These chip selects are routed 
to the appropriate devices and used internally by the 
wait-state generator, which counts the number of cycles 
programmed for each chip select before activating the 
READY signal. This implementation shows relatively 
few inputs are needed, but many registers (both for in- 
ternal and external signals) are required as summarized 
below: 


Inputs 
= 
7 } 
Registers 
(Internal) 
= 
6 
Totall/O's 
= 
20 


Outputs 
= 
7 


An added feature of the iPLD610architecture is the use 
of two separate clock pins. This means half of the mac- 
rocells have CLKI (pin 1) as the source for their syn- 
chronous clock and the other half have CLK2 (pin 13) 


as their source for the synchronous clock. The advan- 
tage of this "dual" clocking can be very useful in this 
design. The system clock may be run at 25 MHz and 
therefore this clock would be used for the Grant and 
Chip Select logic. It may be desireable to have a higher 
clock rate, such as 50 MHz, for the wait state generator 
to have a finer time granularity for wait times. This 
could increase the bus utilization greatly depending on 
how closely the actual access times can be matched. 


Another feature of the iPLD610 architecture that 
proves useful for this application is the product term in 
each macrocell for asynchronous clocking. This allows 
the burst counter to count "READY's" until it reaches 
the terminal count. Figure 24 provides a Data I/O 
ABEL source file for the iPLD610 in this application. 
Note this PLD is as easy to design with as PALs or 
other devices using standard tools such as ABEL. 


If more features are required, this existing iPLD610 
design can be enhanced by a simple upgrade to the Intel 
iPLD91O. Using this existing design as a baseline, the 
following requirements are added: 
• Pipelined Address Support 
• EPROM Select 
• Support of "Shadow RAM" for EPROM 
• Increase Burst Support to 64 Transfers 
• Bus Transceiver Control Logic (to support sepa- 


rate/simultaneous transfers) 


Pipelined address support is accomplished by generat- 
ing an NA (Next Address) signal one cycle before each 
READY. The EPROM chip select can be generated 
from the internal chip select logic. Also, a "Shadow 
RAM" could be supported if the on-board microproc- 
essor had a need to decrease interrupt service times or 
other functions. At boot-up, the EPROM, containing 
the microprocessor's instruction code, can be copied 
into much faster SRAM. Thus, the EPROM would 
only be accessed after each RESET, and code would be 
executed out of the faster SRAM. Increasing burst sup- 
port to 64 transfers would be accomplished by expand- 
ing the burst counter from 4 to 6 macrocells. 


intel· 


module 
arb 
cntl 
flag 
'-UL', 
'-r3' 


title 
'Arbitration/Bus 
control 
logic 


John 
casey 
Intel 
corp. 
July 
1990' 


"inputs 
clkl 
clk2 
procreq 
commreq 
eisareq 
addrl 


addr2 
ale 
reset 


"outputs 
procgrant 
commgrant 
eisagrant 
ready_ 
commcs 
eisacs 
sramcs 


pin 
1; 


pin 
13; 
pin 
2; 
pin 
23; 
pin 
11; 
pin 
14; 


"33 MHz 
clock 
input 
"33 MHz 
clock 
input 
"microprocessor 
local 
bus 
request 
"comm 
controller 
local 
bus 
request 
"on-board 
eisa 
controller 
local 
bus 
req. 


"address 
input 
used 
for 
chip 
select 
dec. 


pin 
3; 
pin 
5; 
pin 
22; 


"address 
input 
used 
for 
chip 
select 
dec. 


"ale 
(or ads/) 
- represents 
valid 
addr. 


"board 
reset 
- used 
to' set 
initial 
state 


pin 
6; 
pin 
7; 
pin 
8; 
pin 
9; 
pin 
10; 
pin 
15; 
pin 
21; 


"processor 
local 
bus 
grant 
"communications 
controller 
local 
bus 
grant 


"on-board 
eisa 
controller 
local 
bus 
grant 


"indicates 
end 
of 
current 
bus 
cycle 
"comm 
controller 
chip 
select 
"local 
eisa 
bus 
controller 
chip 
select 


"sram 
chip 
select 


"buried 
functions 


burstO 
pin 
16; 


burst 1 
pin 
17; 


burst2 
pin 
18; 


burstdone 
pin 
19; 


waito 
pin 
20; 


"part 
of burst 
counter 
logic 
"part 
of burst 
counter 
logic 
"part 
of burst 
counter 
logic 
"active 
at end 
of 
current 
burst 
count 
"lower 
bit 
of wait 
state 
count 
logic, 
"ready 
represents 
output 
of 
this 
logic 


"upper 
bit 
of wait 
state 
count 
logic 


"macrocell 
control 


bursto, 
burstl, 
burst2, 
burstdone 


waitO, 
waitl 


"busarb 
valid 


sO 
"bOOO; 
sl 
"bOOl; 
s2 
"bOlO; 
s3 
"blOO; 


istype 
'feed_reg'; 


istype 
'feed_reg'; 


states 
(for the 
bus 
arbitration 
state 
machine) 
"no 
grant 
active 
"microprocessor 
grant 
active 
"comm 
controller 
grant 
active 
"eisa 
bus 
controller 
grant 
active 


"wait 
state 
generator 
valid 
states 


wsO = "bOOO; 
wsl 
= "bOlO; 
ws2 


"burst 
state 


bsO 
"bOOO; 


bsl 
"bOOl; 
bs2 
"bOlO; 
bs3 
"bOll; 


machine 
bs4 
bs5 
bs6 
bs7 


"blOO; 
"bIOI; 
"bllO; 
"blll; 


• 


intel. 


commcs 
:= laddr1 & laddr2; 
commcs.clk 
= 
!ale_; 


eisacs 
:= laddr1 & addr2; 
eisacs.clk = 
lale_; 


"address 
mapping 
will vary 


"ale is async 
clock 


sramcs 
:= addr1 
& laddr2; 


sramcs.clk 
= lale_; 


burstO.clk 
burstl.clk 
burst2.clk 


ready 
; 
ready-; 
ready=; 


"Reset signal 
sets all 
procgrant.re 
= reset; 


commcs.re 
= reset; 
burstO.re 
= reset; 


waitO.re = reset; 


registers 
low 
commgrant.re 
= reset; 
eisacs.re = reset; 
burst1.re 
= reset; 
wait1.re 
= reset; 


eisagrant.re 
= reset; 


sramcs.re 
reset; 
burst2.re 
= reset; 


"busarb state machine 
uses a rotating 
(last grant, 
lowest 
priority) 
scheme 
"which allows 
bus accesses 
to be balanced. 
If no request 
then 
returns 
to 
"state 
000 which 
allows 
microprocessor 
to be #1 priority 
(this is due to 


"requirement 
to quickly 
service 
interrupts. 


state_diagram 
[procgrant, 
commgrant, 
eisagrantl 


state sO: 
if 
(burstdone & procreq) 
then sl else sO; 
if 
(burstdone & commreq 
& lprocreq) then s2 else sO; 


if 
(burstdone & eisareq 
& lcommreq & lprocreq) 
then 
s3 else 
sO; 


State sl: 
if 
(burstdone 
& commreq) 
then s2 else sO; 
if 
(burstdone 
& eisareq 
& lcommreq) then s3 else 
sO; 
if (burstdone 
& procreq 
& leisareq & lcommreq) 
then 
sl else sO; 


state s2: 
if 
(burstdone 
& eisareq) 
then s3 else sO; 


if 
(burstdone 
& procreq 
& !eisareq) then 
s1 else sO; 
if 
(burstdone 
& commreq 
& !procreq & !eisareq) then 
s3 else 
sO; 


State s3: 
if 
(burstdone 
& procreq) 
then s1 else sO; 


if 
(burstdone 
& commreq 
& lprocreq) then 
s2 else 
sO; 


if 
(burstdone 
& eisareq 
& !commreq & !procreq) 
then 
s3 else 
sO; 


"This wait 
state generator 
can support 
accesses 
up to 4 clocks 
long. 
"The EISA controller 
and the comm controller 
each take 4 cycles 
(2 wait 
"states) 
and the SRAM takes 
two cycles 
(zero wait 
states). 


state_diagram 
[waitO, wait1, 
readY_l 


if 
(sramcs) then ws3 
else wsO; 
if 
(commcs I eisacs) 
then ws1 else wsO; 


inte!. 


"the burst 
logic 
state 
machine 
has a programmed 
burst 
length 
for each bus 


"grant. 
These 
are 8 transfers 
for the comm 
controller 
(fifo) and EISA 
bus 
"controller 
and one transfer 
for the microprocessor. 
When 
terminal 
count 
"is reached 
BURSTDONE 
will 
go active, 
indicating 
to the bus 
arbitration 
logic 
"that 
it should 
re-arbitrate 
the bus. 
At each 
state 
the bus 
grant 
is checked 
"to make 
sure 
it is still 
active 
(i.e. that 
a full FIFO transfer 
is necessary). 


state_diagram 
[burstO, 
burstl, 
burst2] 
state bsO: 
if 
(procgrant) 
then bs7 else bsO; 
if 
(commgrant 
• eisagrant) 
then bsl 
else bsO; 


state bsl: 
if 
(!commgrant 
& 
leisagrant) 
then bs7 
else bs2; 


state bs2: 
if 
(!commgrant 
& 
!eisagrant) 
then 
bs7 else 
bs3; 


state bs3: 
if 
(!commgrant 
& 
leisagrant) 
then 
bs7 
else bs4; 


state bs4: 
if 
(!commgrant 
& 
!eisagrant) 
then bs7 else bs5; 


state bs5: 
if 
(Icommgrant 
& 
!eisagrant) 
then bs7 else 
bs6; 
• 


state bs6: 
goto 
bs7; 


state bs7: 
goto 
bsO; 


5.3 
High-Speed 
Custom Control! 
Status Register 


In many applications there exists a need for a high- 
speed dedicated 
control 
and/or 
status 
register. 
In 


multiprocessing systems there may be a need for a sys- 
tem control register; in a communications controller 
there may be a requirement for a system configuration 
control register. Figure 25 shows this general applica- 
tion idea. There is a frequent requirement in system 
add-on card and adapter designs for a ReadlWrite reg- 
ister that also provides discrete status inputs and con- 
trol outputs. 


The destinations of these discrete signals can include a 
wide variety of functions that need to be under software 
control. The functions provided by this register can in- 
clude enable signals, transceiver/mux 
control and it 


can also include status indications such as a communi- 
cations error. The design, configuration and purpose of 
each bit of this register is individually selectable, which 
leads into a wide variety of applications. 


The iPLD610 is useful in this application due to these 
key architectural features: 


16macrocells (8 for data bus, 8 for control outputs/ 
inputs) 
separate product term for RESET (to set known 
power up state) 
four dedicated inputs (necessary for register con- 
trol) 
pin/register 
feedback capabilities and OE control 


(allows specialized I/O 
capabilities to be imple- 


mented) 


CACHE-EN 


16 BILEN 


iPLD610 
Specialized 
Control 
Register 


infel· 


As shown in Figures 26 and 27, the iPLD610 uses these 
features to implement each bit of this control register. 
Not only is the architecture of the iPLD610 a perfect 
match for this application, but the performance level is 
so high (83.3 MHz register speed) that it can meet the 
zero-wait state requirements for most microprocessors. 
This provides very high-speed register access via Read- 
Modify-Write operations. 


Some applications may benefit from the power-down 
mode of the iPLD610. If the register implemented is 
required only periodically, such as at power-on or after 
system resets, the power-down feature of the iPLD610 
can be programmed to allow power consumption to be 
in the 20 !LA (typical) range. Decreasing power con- 
sumption can have a positive impact on system reliabili- 
ty in addition to decreasing power supply and cooling 
requirements. 


A sample design file is included in Figure 28. This dem- 
onstrates the ease of using the advanced architectural 
capabilities of the 85C060. Though this example uses 
the 85C060, the iPLD610 can be used by simply chos- 
ing the 85C060 from the IPLS II menu. This design file 
is written in the Intel ADF (Advanced Design File) 
format and is compiled by the iPLS II Development 
Tools. Since the creation of this example, Intel has up- 
dated its tools support. Intel's newest tool, PLDshell 
Plus, is a free tool that supports Intel's entire PLD and 
FPGA product lines. (See the PLD Handbook or call 
the EPLD hotline, 800-323-EPLD, for more informa- 
tion on Intel development tools.) Figure 27 provides 
details on the actual logic implementation of each of 
the eight register/control 
output cells. Each of these 


cells requires two macrocells of the 85C060. One mac- 
rocell forms the register portion and provides the con- 
trol signal and the other provides the data bus interface 
(with output enable controlled) . 


N/c 
(CLK1) 


(IN) REG_WR 
(OE) 


(I/O) 
080 


(I/O) 
081 


(I/O) 
082 


(I/O) 
083 


(I/O) 
084 


(I/O) 
085 


(I/O) 
086 


(I/O) 
087 


(IN) RESET 


GNO 


Figure 26. Device 
Implementation 
of Control/Status 
Register 
3-55 
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Writ. 
Enabl. 
(Clock) 


J. Casey 
Intel 
Corp. 
OPTIONS: 
TURBO=ON 
PART: 
85C060 


% 
This 
85C060 
PLD 
provides 
a sample 
design 
file 
for 
implementing 
a high 
performance 
customized 
control 
register. 
It includes 
an 8-bit 
register 
(D-type 
flip-flops) 
and 
eight 
discrete 
control 
outputs 
which 
are 
routed 
directly 
to peripherals, 
bus 
latches/transceivers, 
etc. 
The 
8-bit 
register 
can be 
read 
and 
written 
by the 
system 
processor 
using 
the 
lower 
byte 
of the 
data 
bus. 


WR eLK 
113 
REG 
WR 12 
RESET 
III 
REG_CS 
'23 


OUTPUTS: 


DBO'3 
DBl 
,. 
DB2 '5 
083 '6 
DB. '7 


DBS 'a 
DBO '9 
DB7 110 


CTL 0UT7 115 
CTL-OUTO '10 
CTL- OUTS 117 
CTL-otrr4 '18 
CTL-0UT3 '19 
CTL-0UT2 120 
CTL-OUTl '21 
CTL::OUTO'22 


Nn'WOIU(: 


WR_CLlt - 
INP(WR_CLX) 
REG_WR - 
INP(REG_WR) 
RESIlT 
- 
IIlP (RI!:SET) 
REG_CS - 
IIlP(RI!:G_CS) 


CTL_OU'l"O, CTLOUTot 
- 
RORP(DBOr,WR_CLK,RESET,GHD,VCC) 
CTL_0UT1, 
crIDUTlt 
- 
RORF(D81t,WR_CLJ:,RESET,GNO,VCC) 
CTL 
0UT2, 
CTLOUT2t 
- 
RORF(DB2f,WR 
CLK,RESET,GNO,VCC) 
CTL=:0UT3, 
CTLOUT3t 
• 
RORP(DB3f,WR:CLK,RESET,GND,VCC) 
eTL 0UT4, 
CTIDUT4t • 
RORF(DS4t,WR_CLK,RESET,GND,VCC) 
CTL-0UT5, 
CTLOOT5t 
- 
ROR.P(DB5f,WR_CLJt,RESET,GNO,VCC) 
CTL:0UT6, 
CTLOUT6f 
- 
RORF(DB6f,WR_CLIC.,RESET,GNO,VCC) 
CTL_0UT7, 
CTLOUT1f. 
RORP(DB1t,WR_cuc:,RESn,GND,VCC) 


Figure 28. IPLS II Source 
File for 85C060 
Custom 
Register 
Design 
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OBO, 
OBI, 
OB2, 
OB3, 
oB4, 
OB5, 
oB6, 
OB7, 


oBOf = 
DBlf = 
DB2t - 
oB3f 
DB4f 
DB5f - 
oB6f 
DB7f - 


COIF(iOBO,REG 
OE) 
COIF(ioBl,REG-OE) 
COIF(ioB2,REG-OE) 
COIF (loB3,REG::::OE) 
COIF(iDB4,REG_OE) 
COIF(iDB5,REG 
OE) 
COIF (lDB6,REG-OE) 
COIF(loB7,REG::::OE) 


EQUATIONS: 


ioBO - CTLOUTOf: 
ioBl - CTLOUTlf: 
loB2 - CTLOUT2f: 
ioB3 - CTLOUT3 f : 
ioB4 = CTLOUT4 f : 
lOBS • CTLOUT5f: 
ioB6 • CTLOUT6f: 
ioB7 • CTLOUT7f: 


A .RPT (Report) 
file was generated 
by the Intel iPLS 


logic compiler. 
A JEDEC 
for the 85C060 was also gen- 


erated by the software. This .RPT file, included in Fig- 
ure 29, shows the macrocell/p-term 
usage and device 


pin-out as the device was implementep. 


This 
application 
demonstrates 
the effective combina- 
tion of architecture 
and performance 
provided 
by the 


Intel 
85C060 ,..,PLD. In essence, the performance 
in- 


crease over existing devices with identical 
architecture 


has opened 
more doors for additional 
uses. It is now 


clear how this device can be used in high-speed applica- 
tions~ven 
when closely coupled 
to the microproces- 


sor. 


INTEL 
Logic 
Optimizing 
Compiler 
Utilization 
Report 
IPLS 
II FIT 
Version 
2.2 
Beta3 
Level 
4.0i 
9/7/88 


J. 
Casey 
Intel 
Corp. 
OPTIONS: 
TURBO=ON 


Gnd - 
1 
2. 
- 
Vcc 


REG_WR 
- 
2 
23 
- 
REG_CS 


DBD - 
3 
22 
- 
ell_oUTO 


081- 
• 
21 - 
elL_oUTl 


082 
- 
5 
20 
- 
elL_CUT2 


DB3 
- 
6 
19 - 
ell_CUB 


084 
- 
7 
18 
- 
elL_OUH. 


DBS - 
8 
17 
- 
CTl~OUT5 


DB6 
- 
9 
16 
- 
elL_oUT6 


oB7 
- 
10 
15 - ell_cun 


RESET - 
11 
14 
- 
Gnd 


Gnd - 
12 
13 
- 
WR_ClK 


292074-30 


• 


**OUTPUTS** 


Name 
Pin 
Resource 
MCe11 
PTerms 
Sync Clock 


DBO 
3 
COIF 
9 
1/ 8 
DBI 
4 
COIF 
10 
1/ 8 
DB2 
5 
COIF 
11 
1/ 8 
DB3 
6 
COIF 
12 
1/ 8 
DB4 
7 
COIF 
13 
1/ 8 
DB5 
8 
COIF 
14 
1/ 8 
DB6 
9 
COIF 
15 
1/ 8 
DB7 
10 
COIF 
16 
1/ 8 


CTL_OUT7 
15 
RORF 
8 
1/ 8 
WR_CLK 


CTL_OUT6 
16 
RORF 
7 
1/ 8 
WR_CLK 


CTL_OUT5 
17 
RORF 
6 
1/ 8 
WR_CLK 
CTL_OUT4 
18 
RORF 
5 
1/ 8 
WR_CLK 


CTL_OUT3 
19 
RORF 
4 
1/ 8 
WR_CLK 


CTL_OUT2 
20 
RORF 
3 
1/ 8 
WR_CLK 


CTL_OUTl 
21 
RORF 
2 
1/ 8 
WR_CLK 


CTL_OUTO 
22 
RORF 
1 
1/ 8 
WR_CLK 


**INPUTS** 


Name 
Pin 
Resource 
MCe11 
PTerms 
Sync Clock 


WR_CLK 
13 
CKR 
REG_WR 
2 
INP 
RESET 
11 
INP 
REG_CS 
23 
INP 


**UNUSED RESOURCES** 


Name 
Pin 
Resource 
MCe11 
PTerms 


14 
INPUT 


**PART UTILlZATION** 


16/16 
Macrocells 
(100%), 12% of used Pterms Filled 


3/ 4 
Input Pins 
(75%) 


PTerms Used 12% 


Figure 29. IPLS II Report 
File For The 85C060 Custom 
Register 
Design (Continued) 


inte!. 


FEEDBACKS: 
MMMMMMMM 
MMMMMMMM 


0 0 0 0 0 0 0 0 
0 1 1 1 1 1 1 1 


1 2 3 4 5 6 7 8 
9 0 1 2 3 4 5 6 


CTL OUTO · RORF 
@Ml -> · · · · · · 
* · · · · · · · @22 


CTL-OUTl · RORF 
@M2 -> · · 
· · . . 
* · · · · · · @21 


CTL-OUT2 · RORF 
@M3 -> · 
* 
· · @20 


CTL-OUT3 · RORF 
@M4 -> · · · · · · 
* 
· · @19 


CTL-OUT4 · RORF 
@M5 -> 
· · · · * 
· @18 


CTL OUT5 · RORF 
@M6 -> 
· · · · · * · · @17 


CTL-OUT6 · RORF 
@M7 -> · 
· · · · · · * · @16 


CTL=OUT7 · RORF 
@M8 -> · 
· · · · · · · * @15 


DBO ...... 
COIF 
@M9 -> * · · · · 
· · · · · · · · @3 


DBl .•••••• COIF 
@Ml0-> · * 
· @4 


DB2 ...... 
COIF 
@Mll-> 
* 
· · · · · · · · @5 


DB3 ...... 
COIF 
@M12-> · 
* · · . . 
· @6 • 


DB4 ...... 
COIF 
@M13-> 
* 
· · @7 


DB5 ...... 
COIF 
@M14-> 
* 
· · · @8 


DB6 ...... 
COIF 
@M15-> · 
* 
· · · · 
· · @9 


DB7 ...... 
COIF 
@M16-> · · 
* 
· · @10 


REG_WR 
•.• 
RESET 
.••• 
WR CLK 
REG_CS 


INP 
INP 
CKR 
INP 


@2 
-> · · · · · 
@ll -> * * * * * * * * 
@13 -> * * * * * * * * 
@23 -> 
· · · · 
C C C C C C C C 
TTTTT 
T T T 
LLLLL 
L L L 


* * * * * * * * 
00000000 
BBBBBBBB 
01234 
567 


00000000 
U U U U U U U U 
TTTTTTTT 
01234 
567 


= not connected 
* = signal 
feeds cell 
x = no connection 
possible 
? = error, unable 
to fit 


infel· 


6.0 
iPLD610 
PROGRAMMINGI 
DEVELOPMENT 
SUPPORT 


Design development and device programming support 
are important issues for PLDs because the silicon is 
useless without them. Design development tools such as 
Intel's PLDshell Plus and Data I/O's 
ABEL are re- 
quired to convert state machine/boolean 
equation en- 


tries into the required device JEDEC file. The device 
programmer is then required to program each cell/fuse 
to configure the device to the user's needs. 


Since 
devices 
with 
architectures 
identical 
to 
the 


iPLD610 have been available for a number of years, 
there is an existing level of support for this PLD al- 
ready in existence. As mentioned earlier, the architec- 
ture, pin-out, and JEDEC 
map for the iPLD610 is 
identical to the Intel 5C060, Altera EP600, EP6lO, and 
EP630, AMD PALCE630, and TI EP610 and EP630. 
Therefore, performance of existing designs using these 
devices can be improved by replacing these parts using 
the existing design/JEDEC 
files. 


Full logic compilation and functional simulation for the 
iPLD610 is supported by PLDshell Plus software. The 
GUPI LOGICIID 
provides programming support on 
Intel programmers. 


PLDshell 
Plus design software is Intel's new, user- 


friendly design tool for fLPLD design. PLDshell Plus 
allows users to incorporate their prefered text editor, 
programming software, and additional design tools into 
a easy-to-use, menued design environment that includes 
Intel's PLDasm logic compiler and simulation software 
along with disassembly, conversion, and translation 
utilities. The PLDasm compiler and simulator software 
accepts industry stanard PDS source files that express 
designs as Boolean equations, truth tables, or state ma- 
chines. On-line help, datasheet briefs, technical notes 
and error message information, along with waveform 
viewing/printing 
capability make the design task as 


easy as possible. PLDshell Plus software is available 
from Intel Literature channels or from your local Intel 
sales representative. 


Tools that support schematic capture and timing simu- 
lation of the iPLD610 are available. Support under 
iPLS II is still available. Please refer to the "Develop- 
ment Tools" section of the Programmable Logic hand- 
book. 


The iPLD610 is supported by third-party logic compil- 
ers such as ABEL·, 
CUPL·, 
PLDesigner·, 
Log/IC, 


etc. Programming support is provided by third-party 
programmer companies such as Data I/O, Logical De- 
vices, STAG, etc. Please refer to the "Third-Party 
Sup- 


port" lists in the Programmable Logic handbook for 
complete information and vendor contacts. 


intel. 


The support summary shows an emphasis by Intel to 
provide timing/simulation models from Viewlogic and 
Quadtree for customers performing devicelboard simu- 
lations. The models are provided on most popular de- 
sign platforms. The support summary reflects Intel's 
close relationship with key support tool vendors (which 
includes others not shown here) to provide iPLD610 
customers design support with the format and package 
with which they are most familiar. These support tool 
vendors, such as Data I/O and Logical Devices, pro- 
vide products in addition to the Intel development 
products. Intel provides complete design development 
support as detailed in Figure 5.2. Designs can be en- 
tered in several ways: 
1. Schematic Capture using IPLDview-286-this 
View- 
logic Workview derivative allows gate/74xx macro 
levelentry and supports design simulation (function- 
al or timing). 
2. State Machine entry using iSTATE-this 
Intel tool 
translates SMF (State Machine Format) designs into 
an ADF file. 
3. Boolean Equation entry using PLDshell Plus-this 
logic compiler/minimizer generates device JEDEC/ 
Report fIlesfrom an ADF source file. 


Based on the variety of offerings, users 'can pick the 
tool(s) that best fits their development environment. 
Also, programming support is available with Intel's 
GUPI adapters, which provide a quick and efficient 
method of device programming. 


Because of the performance/architecture combination 
provided by the iPLD610 it may be desirable to up- 
grade an existing design for many reasons. Upgrading 
from SC060 or EP6xO devices can provide quick per- 
formance increases. Upgrading from 22VIOor 20RAIO 
devices may be done for performance, architecture, 
heat or power consumption reasons and may include 
the need for the standby power mode. Conversion of 
each of the devices mentioned here follows. 


The Intel 5C060 PLD is pin- and JEDEC-compatible 
with the iPLD61O.This allows existing 5C060 JEDEC 
files to be programmed directly into iPLD61O. There- 
fore, designs running on 4S ns-55 ns tpD performance 
levels can instantly be upgraded to 12 ns-25 ns tpD 
performance levels provided by the iPLD61O.Intel de- 
velopment tools including PLDshell Plus and GUPI 
Logic lID 
programmer adapter support both Intel 
PLDs. Most non-Intel design development tools and 
device programmers also support both Intel devices. 


As discussed in Section 3, the A.C. and D.C. specifica- 
tions of the iPLD610 meet or exceed those of competi- 
tive devices from Altera, TI and AMD. The list of de- 
vices which can be upgraded to the Intel iPLD610 in- 
cludes: 
Altera EP600 
Altera EP610 
Altera EP610A 
Altera EP630 
TI EP610 
TI EP630 
AMD PALCE 610 
AMD PALCE 630 
Cypress EP610 


Just as with the Intel 5C060,an upgrade of one of these 
devices can be accomplished by using existing JEDEC 
3 


filesfrom one of these devices to program directly onto 
an iPLD61O. Also, Data I/O ABEL, Logical Devices 
CUPL and other design tools support the iPLD61O. 
The only differenceof note is the lack of a programma- 
ble standby current mode in the AMD device. Again, 
due 
to 
complete 
architecture 
compatibility 
the 


iPLD610 provides a quick and easy performance in- 
crease to any design using any of the above devices. 


Due to differences in device programming parameters 
(such as programming voltages and pulse width re- 
quirements) all device programmers may not support 
the iPLD610 unless explicitlystated. Also, device simu- 
lation models are not interchangeable between devices 
due to timing differences. 


Many designers requiring more architectural features 
than standard PAL devices offer have turned to the 
22VIO.Compared to standard PALs, the 22VIOoffers 
additional outputs and product terms. However, the 
iPLD610 also has features not found in PAL devices. 
Since there are many differencesbetween the iPLD610 
and 22VIO,the analysis will revolvefirst around device 
pin-out and then, cover performance, architecture, 
clocking options and D.C. specification issues. 


Table 9 shows the device pinouts of the iPLD610 and 
the 22VIOand highlights the differences.The iPLD610 
has dedicated clock inputs at pins I and 13 while both 
of these can be inputs on the 22VIO.The iPLD610 also 
has dedicated inputs at pins 14and 23, while these are 


DIP Pin # 
iPLD610 
22V10 
Notes 


1 
ClK1 
ClK/INPUT 
- 
Clock only on iPlD61 0 
2 
INPUT 
INPUT 
3 
I/O 
INPUT 
Input only on 22V1 0 
4 
I/O 
INPUT 
Input only on 22V1 0 
5 
I/O 
INPUT 
Input only on 22V10 
6 
I/O 
INPUT 
Input only on 22V1 0 
7 
I/O 
INPUT 
Input only on 22V1 0 
8 
I/O 
INPUT 
Input only on 22V10 
9 
I/O 
INPUT 
Input only on 22V1 0 
10 
I/O 
INPUT 
Input only on 22V10 


11 
INPUT 
INPUT 
12 
GND 
GND 


13 
ClK2 
INPUT 
Clock only on iPlD610 
14 
INPUT 
I/O 
Input only on iPlD610 
15 
I/O 
I/O 
16 
I/O 
I/O 
17 
I/O 
I/O 
18 
I/O 
I/O 
19 
I/O 
I/O 
20 
I/O 
I/O 
21 
I/O 
I/O 
22 
I/O 
I/O 
23 
INPUT 
I/O 
Input only on iPlD610 
24 
Vcc 
Vcc 


I/O pins on the 22VIO. However, 
there 
are 8 input- 


only pins (3-10) 
on the 22VIO that are I/O pins on the 


iPLD61O. This is the main architectural 
advantage 
pro- 


vided by the iPLD61O. Table 
10 shows a summary 
of 


performance 
(A.C. specifications 
of the iPLD61O) com- 


pared 
to the 22V 10-15. 
This includes 
combinational 


logic speed (tpo), 
register performance 
(teot 
and tsu), 
and maximum 
register speed (FMAx)' 


A comparison 
of architectures 
shows that the iPLD610 


has 6 more I/O pins (macrocells) 
than the 22VIO, even 


though both are 24-pin devices. The main advantages 
of 


the 22VIO architecture 
are higher number 
of p-terms/ 
macrocell 
(up to 16 for some macrocells) 
and capability 


of up to 22 inputs (compared 
to 20 for the iPLD61O). 


The number of p-terms (product 
terms or AND 
terms) 


required 
by any design is often greatly 
affected by the 


register 
type used. The 22VIO offers only D-type 
flip- 


flops, while the iPLD610 
offers D, T, JK or RS register 


types. Register type selection is done on a macrocell-by- 
macrocell 
basis, 
so each 
specific 
function 
with 
the 


iPLD610 
can be better optimized. 
Figure 
30 shows an 


example 
of how register 
type selection 
can affect the 


number 
of p-terms 
required. 
The example shown is an 


MSB of a 4-bit counter 
which requires 
5 p-terms 
using 


a D-type flip-flop, but only one p-term if a T-type flip- 
flop is used. By using the register type selection capabil- 
ity of the iPLD610 
the designer 
can further 
minimize 


logic requirements. 


intel· 


Area of 
Featur.e 
iPLD610·15 
AMD 
Lattice 
Comparison 
22V10-15 
GAL 22V10-15 


Performance 
tpD 
15 ns 
15 ns 
15 ns 


FCNT 
50 MHz 
50 MHz 
50 MHz 


FMAX 
66 MHz 
50 MHz 
62.5 MHz 


teo1 
8 ns 
10 
8 ns 


tsu 
12 ns 
10 
12 ns 


Architecture 
Macrocells 
16 
10 
10 


Outputs 
16 
10 
10 


Max Inputs 
20 
22 
22 


Prog. Security Cell 
Yes 
Yes 
Yes 


Ave P-Terms/Macrocell 
8 
12 
12 


Individual 
Macrocell 
OE 
Yes 
Yes 
Yes 


Reg Clock Options 
3 
1 
1 


Indiv. Macrocell 
Clear 
Yes 
Yes 
No 


Invert Control 
Yes 
Yes 
Yes 


Reg. Power Up State 
Low 
High 
High 


Register 
Types 
D/T/RS/JK 
D 
D 


D.C. Specifications 
Icdmax) 
105 mA 
180 mA 
130' 


Power-Down 
Mode 
Yes 
No 
No 


Standby 
Current 
< 100 /-LA 
N/A 
N/A 


IOL (max) 
I 
12mA 
16mA 
16 mA 


One other 
major 
architectural 
improvement 
provided 


by the iPLD610 
is in the area of logic clocking options. 


Not only does the iPLD610 
have two dedicated 
clock 


inputs (allowing separate synchronous 
clocking of mac- 


rocells), 
but each macrocell 
has a p-term 
dedicated 
as 


an asynchronous 
clock option. 


The final area of comparison 
between these two devices 


is D.C. specifications. 
The advantage 
in maximum 
sup- 


ply current 
(ICe) has benefits in many areas including 


power supply selection, 
cvoling 
requirements 
and sys- 


tem reliability. 
The iPLD610 
also offers a programma- 


ble standby 
current 
option which allows Ice values to 


drop 
to 20 /-LA(typical) 
when in the standby 
mode. 


This can be useful if working 
with a "power 
budget" 


such as in laptop 
PC or Microchannel 
add-in card de- 


sign. The difference 
in IOL 
capabilities 
is very small 


(16 mA for the 22VlO versus 12 mA for the iPLD61O). 


II 
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00 


°3 


01 


°3 


O2 


°3 


°3 
CNT 


CNT 


°3 
°2 


°1 


°0 


CNT 
P 


°0 


°1 


°2 


Figure 30. Product 
Term Requirements 
for OoType and T-Type 
Flip-Flops 
(MSB of 4-Bit Counter) 


e) Is the output 
driv'e (lad 
requirement 
for each 


output 
12 mA or less? 
NOTE: 
There are NO performance 
related issues for this com- 


parison due to design of iPLD61O. No issues with reg- 
istered 
operation 
(FMAX, tea); 
no issues with combi- 
natorial 
logic (tPD)' 


There are several ways to replace a 22VIO. A "pin-for- 
pin" replacement 
means the iPLD610 
that is upgrading 


the 22VIO can be placed into an existing 22VIO socket 
and provide complete compatibility. 
A "functional" 
re- 


placement 
is one in which the iPLD610 
can replace the 


22VIO, but one or more of the pin numbers 
need to be 


changed. A functional 
replacement 
will only be an issue 
if the board is already made; if the upgrade 
is made at 
the design phase there is very little impact. 


I. Determine 
if a pin for pin replacement 
can be made: 


a) Are there 8 or less p-terms 
used for each 22VIO 


output? 


b) Is pin I used as a Clock (rather 
than an Input)? 


c) Is pin 13 unused (i.e., is this input pin unused on 
the 22VIO)? 


d) Is the global register preset feature unused? 


NOTE: 


Check 
for 
need 
of 
clock 
input 
at 
Pin 
13 of 
the 


iPLD61O. 


If YES to all above, then pin-for-pin 
replacement 
looks 


good! 


2. Determine 
if functional 
replacement 
can be made: 


a) Is the total 
number 
of inputs 
and outputs 
20 or 


less? 


b) Are there 8 or less p-terms for each output? 


- 
If 
NO, 
can 
the 
number 
be 
reduced 
via 


iPLD610 
register type selection, inversion con- 


trol (DeMorgan's 
logic implementation) 
and! 


or use of async clock capabilities? 


c) Is the output 
drive 
(lad 
requirement 
for each 


output 
12 mA or less? 


- 
If NO, is there a spare iPLD610 
output 
which 


can 
be utilized 
to duplicate 
this output 
and 


double the output 
drive capability? 


If YES to questions 
above, then a functional 
replace- 


ment looks good! 


3. In some cases the 5AC312 can also upgrade 
22VIO 


sockets due to it's pin-for-pin 
compatibility, 
and su- 


perset architecture, 
although 
it's performance 
is not 


equal to that of the faster 22VIOs. 


intel· 


4. In other cases the 22VIO and surrounding PLDs 
and/or 74xxx logic can be integrated into one of In- 
tel's larger high-performance PLDs (such as the 
iPLD91O).This is always an option if there are pow- 
er, heat, or board space concerns. 


Call The Intel EPLD· Hotline for Conversion 
Assistance 
1-800-323-EPLD 


The 20RAIO presents designers requiring implementa- 
tion of an asynchronous state machine or other asyn- 
chronous registered logic with a viable solution. The 
Intel iPLD610 provides these designers with another 
alternative. In many cases, a pin-compatible upgrade 
can be made due to architecture and performance fea- 
tures of the Intel iPLD61O. 


Table II compares the device pinouts of the iPLD610 
and the Lattice 20RA10. Both have up to 20 inputs, 
both are 24 pin devices (DIP package), and both have 
dedicated functions implemented at pins 1 and 13.The 
advantage provided by the iPLD610 are the 16 I/Os 
(macrocells), compared to only 10 for the 20RAIO. 
This allowsdesignersthe flexibilityto implement larger 
asynchronous state machines and/or additional syn- 
chronous or combinatorial logic. 


A data sheet comparison of the Intel iPLD610 and Lat- 
tice 20RAIO-15 is summarized in Table 12. The per- 
formance of the iPLD610is superior for both combina- 
torial logic (tpD) and asynchronous register perform- 
ance (FACNT,FAMAX,tACO\, tASU)as well as syn- 
chronous 
logic (which is not 
supported 
by 
the 


20RAI0). There are significant differences in register. 
setup time that could be critical to a designer required 
to meet specificationsof microprocessors or other sys- 
tem peripherals (such as an output valid delay spec). 


DIP Pin 
If 
iPLD610 
22V10 
Notes 


1 
CLK1 
PRELOAD 
Dedicated 
on Each 
2 
INPUT 
INPUT 
3 
I/O 
INPUT 
Input only on 20RA 10 
4 
I/O 
INPUT 
Input only on 20RA 10 
5 
I/O 
INPUT 
Input only on 20RA 10 
6 
I/O 
INPUT 
Input only on 20RA 10 
7 
I/O 
INPUT 
Input only on 20RA 10 
8 
I/O 
INPUT 
Input only on 20RA 10 
9 
I/O 
INPUT 
Input only on 20RA 10 
10 
I/O 
INPUT 
Input only on 20RA 10 
11 
INPUT 
't-lPUT 
12 
GND 
GND 
13 
CLK2 
DE 
Dedicated 
on Each 
14 
INPUT 
I/O 
Input only on iPLD61 0 
15 
I/O 
I/O 
16 
I/O 
I/O 
17 
I/O 
I/O 
18 
I/O 
I/O 
19 
I/O 
I/O 
20 
I/O 
I/O 
21 
I/O 
I/O 
22 
I/O 
I/O 
23 
INPUT 
I/O 
Input only on iPLD61 0 
24 
Vcc 
Vcc 
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Area of 
Feature 
IPLD61G-10 
Lattice 


Comparison 
20RA10-15 


Performance 
tpD 
10 ns 
12 ns 


FACNT1 
71.4 MHz 
62.5 MHz 


FAMAX 
100 MHz 
71.4 MHz 


tAC01 
12 ns 
12 ns 


tASU 
2 ns 
7 ns 


Architecture 
DIP Pin Count 
24 
24 
Macrocells 
16 
10 
Outputs 
(1/Os) 
16 
10 
Inputs (max) 
20 
20 
Prog. Security 
Yes 
No 
Cell 
Total P-Termsl 
10 
8 
Macrocell 
Indiv. Macrocell 
Yes 
No 
OE 
Reg. Preload 
No 
Yes 
Invert Control 
Yes 
Yes 
Reg. Types 
D/T/JK/RS 
D 
Clock Options 
Sync/Async 
AsyncOnly 


Async Preset 
No 
Yes 
Async Clear 
Yes 
Yes 


D.C. Specs 
Icc(max) 
105 mA@1 MHz 
100 mA@15 MHz 


Power Down Mode 
Yes 
No 
Standby 
Icc 
150 p.A (max) 
N/A 
IOL(max) 
12 mA 
8mA 


Comparing 
architectures, 
the 
iPLD610 
offers 
more 


flexibility than the 20RA 10. This is based on macrocell 
count, total p-terms/macrocell, 
register type selections, 
and clock options. The iPLD610 
offers 6 more macro- 


cells than the 20RAIO. 
It also has 8 dedicated 
sum-of- 


product 
p-terms 
in addition 
to asynchronous 
register 


reset (clear) and async clock/OE 
p-terms. The 20RAIO 


has a total 
of eight p-terms 
for each macrocell, 
only 


four 
of which 
are dedicated 
to performing 
standard 


sum-of-products 
logic. Register 
type selections 
offered 


by the iPLD610 
include 
D, T, RS and JK, while the 


20RAIO 
implements 
only a D-type 
register. 
As men- 


tioned 
in the section 
on upgrading 
from 
the 22V 10, 


register type selection can have a significant 
impact on 


the number 
of p-terms 
required 
to implement 
a logic 


function and may allow a design to "fit" with one type, 
but not with another. 
Also, of note is the fact that the 


iPLD610 
can implement 
synchronous 
(via 2 clock in- 


puts) 
or 
asynchronous 
(via 
individual 
macrocell 


p-terms) 
registered 
logic. 
The 
designer 
using 
the 


20RA 10 can only implement 
asynchronous 
registered 


logic (using clock p-term) 
only. As mentioned 
earlier 


the synchronous 
register specifications 
of the iPLD610 


(tsu, 
tH and tCOI) are slightly skewed from the asyn- 


chronous 
register specifications 
(tASU, tAH and tACO\). 


A designer 
using the iPLD610 
can select clocking 
op- 


tions on a macrocell-by-macrocell 
basis to best meet the 


needs of the system. 


Looking 
at D.C. 
specifications 
of these 
devices, 
the 


20RAIO 
and 
the iPLD610 
exhibit 
similar 
maximum 


supply current. 
But the iPLD610 
offers a programma- 


ble power-down 
mode, which can put this device into a 


power saving mode 
useful in many 
applications. 
The 


IOL of the iPLD610 
is higher than the 8 mA maximum 


for the 20RA 10. 


The iPLD610 
represents 
the highest performer 
in one 


of the industry-standard 
PLD 
architectures. 
The ad- 


vantages gained by using the iPLD610 
extend past the 


intel. 


obvious performance advantages of a 10ns propagation 
delay and counter capability. The iPLD610 provides 
the following capabilities: 


• 
12 mA IOL 
• Programmable Standby Mode 


• 105 mA (max) lee 
• 16 Macrocell Architecture 
• 100% Testability due to EPROM Technology 
• III MHz Register Operation 


In addition, this deviceis offeredwith several speed and 
package options. The device is available in 10ns, 15ns 
and 25 ns tpD speeds. The packages for the iPLD610 
are Plastic DIP and PLCC. 


Already highlighted were the architectural advantages 
of this device over standard programmable logic devic- 
es. These advantages include device level capabilities 
(16 macrocells, up to 20 inputs, dual clocking) and 
macrocell level capabilities (total of 10 p-terms per 
macrocell, register type selection, feedback control, 
async clocking). These capabilities of the iPLD610 


compared to competitive devices showed clearly this 
device outperforms others at a data sheet level (A.C. 
and D.C. specifications).But, the iPLD610 was further 
highlighted by the characterization data presented, 
which demonstrates performance outside data sheet 
considerations. The combination of data sheet and de- 
vice characterization information provides designers an 
added levelof confidencein actual devicebehavior, and 
knowledge of actual in-system performance. 


The iPLD610 device is well supported by PLD design 
and development tools from major third party vendors 
as well as Intel's own PLDshell Plus software. 


One other advantage of the iPLD610 is the ease of up- 
grade it provides to systems using the 5C060, EP61O/ 
630, 22VIO or 20RAIO. These devices can be quickly 
upgraded to the iPLD610 /LPLD to gain performance, 
architectural, and power dissipation advantages. 
. 


The iPLD610 takes this standard architecture to a 
higher level. Its high performance in all areas open newII 
applications to Intel /LPLDs. Designers can now have 
both integration and performance! 
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For years, designers have grown to depend on Pro- 
grammable Logic Devices (PLDs) for low cost, high 
performance implementation of random logic and in- 
terface circuits. The combination of low cost, high per- 
formance, flexibility, and programming/development 
support make PLDs very attractive to both designers 
and design managers. 


Intel's Programmable Logic Devices (PLDs) meet to- 
day's system requirements, as well as map the path to 
the needs of next generation's products. Intel PLDs 
provide the high-speed CMOS logic solution required 
by current and future microprocessors and VLSI pe- 
ripherals. 


The Intel PLD22VlO is a low cost, high-speed, low- 
power upgrade from PAL and GAL devices. Pin- and 
JEDEC-compatibility with industry standard 22VIOs 
make the iPLD22VlO a drop-in upgrade requiring NO 
additional engineering effort. 


The 85C22VlO PLD provides all the same features as 
the iPLD22VIO. In addition, the 85C22VIO'senhanced 
macrocell architecture gives the designer a greater 
range of feedback and clock options without sacrificing 
pin- and JEDEC-compatibility with industry standard 
22VlO parts. The 85C22VlOmay be programmed as a 
standard 22VlO device by using a standard 22VlO 
JEDEC file. Optional superset features are accessed 
through an extended JEDEC file compiled by popular 
design tools such as ABEL and CUPL, or through In- 
tel's PLDshell Plus. 


This design guide provides technical support for design- 
ers, design managers, and others interested in using In- 


tel's PLD22VlO and 85C22VIO PLDs. The informa- 
tion contained in this document is intended to support 
both the decision making process prior to design and 
the qualification process that occurs during and after 
the design is complete. The format of the design guide 
is as follows: 


Section 2-Product Overview: Highlights and architec- 
ture of the iPLD22VlO and the 85C22VlOPLDs. 


Section 3-Specification Analysis: The key D.C. and 
A.C. specs (from the data sheet) are discussed and com- 
pared against competitive devices.This section provides 
a baseline for comparison and device selection. Also, 
some insights are provided on how to best use the data 
sheet specifications. 


Section 4-Advanced Design Issues: This section dis- 
cusses issues affecting high-speed systems designs. 
Topics include output slew rates, effects of capacitive 
loading on outputs, and synchronous/asynchronous 
register operation. 


Section S-Design Examples: 
Design ideas using the 


unique performance and architecture combination of 
the Intel 85C22VIOare presented. 


The 22VIOarchitecture is one of several industry stan- 
dard PLD architectures. While bipolar implementa- 
tions of this architecture have worked well in the past, 
the speed and power consumption requirements of to- 
day's applications are beyond the limitations of bipolar 
devices. Intel's iPLD22VlO and 85C22VlO PLDs, 
based on CHMOS HIE technology, meet the power 
and speed requirements of today's high-speed systems 
while maintaining pin- and JEDEC-compatibility with 
standard 22VlO devices. 


Related 
Document 
Listing 


Document 
Order Number 


CMOS Programmable 
Logic Device (PLD) Family Data Sheet 
290453 
(Includes 
iPLD22V10, 
iPLD610, 
and iPLD910) 


85C22V10 
Data Sheet 
290416 


Metastability 
Characteristics 
of Intel EPLD's 
292071 


PLD Quality and Reliability 
Data Summary 
293003 
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The iPLD22V1O and 85C22V1Oare high-performance, 
high-integration, 
general-purpose 
CMOS PLDs. The 
features provided by these devices include: 


• High Speed Operation (tpD = 10 ns, tCOI = 7 ns, 
71.4 MHz State Machine Frequency, 100 MHz with 
No Feedback) 
• Typical Icc 
= 90 mA @ 15 MHz 
• 
10 Programmable Macrocells (I/O Pins) 
• EPROM Cell, CMOS Technology 


• 100% Silicon Testability 
• 24-pin DIP, 28-pin PLCC Packages 
• Programmable Security Bit 


• 
Superset 
Clock and Feedback Features (85C22VIO) 


Figure I shows the pinouts of the DIP and PLCC pack- 
ages for the iPLD22V1O and 85C22V1O PLDs. Both 
the iPLD22V1O and the 85C22V1O are available in a 
plastic One-Time-Programmable 
(OTP) DIP package 


and in a plastic OTP PLCC package. In addition, the 
85C22V1Ois available in a UV erasable/reprogramma- 
ble Ceramic DIP package. 


The 
high 
performance 
of 
the 
iPLD22V1O 
and 


85C22VIO is a result of combining an industry-stan- 


dard 
architecture 
with 
Intel's 
advanced 
I-micron 


CHMOS IIIE EPROM 
technology. This technology 


brings high speed and significant power savings to a 
well known architecture. 


The CHMOS IIIE EPROM 
technology used in the 


iPLD22V1O and 85C22V1Oallows complete testability 
of every part Intel produces. At the wafer level, all de- 
vice programmable elements are programmed and test- 
ed, and all data paths are 100% tested. The device is 
then completely erased. Once the device is packaged, 
special manufacturing test modes are utilized to ensure 
post packaging device functionality and performance. 
Intel's rigorous test procedures ensure high yields for 
our customers, and high reliability for their customers. 


Figure 2 shows the global architecture for both devices. 
The iPLD22V1O and 85C22V1O feature 12 dedicated 
input pins (including CLK/INPO) 
and 10 1/0 pins. 


Each of the 110 pins is associated with a macrocelI. All 
inputs and feedback signals and their compliments are 
available to all product (AND) terms. The product 
terms are summed by a single OR-gate, thus forming an 
AND-OR logic array. The sum-of-products (SOP) is 
fed into the macrocelI. Each macrocell is fed by a maxi- 
mum of from 8 to 16 product terms, depending on the 
position of the particular macrocell. • 
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The iPLD22VlO 
and 85C22VlO 
registers 
may be syn- 
chronously 
set and asynchronously 
reset on a global 
basis. The synchronous 
preset signal (SP) is determined 
for all macrocells 
by a single global p-term that is sepa- 
rate from macrocell 
sum-of-products 
(SOP). After SP is 
asserted, the next clock transition 
that triggers the mac- 
rocell 
registers 
will cause 
the Q outputs 
to be set to 
logic HI. 
Note 
that 
if post-register 
inversion 
is pro- 
grammed 
(active-low 
output), 
the macrocell's 
pin will 
be set to a logic LOW. 


The 
asynchronous 
reset 
signal 
(AR) 
is also derived 
from a single independent 
global p-term. Macrocell 
reg- 
isters are reset by AR asynchronously 
with respect 
to 
the 
device 
clock. 
If 
post-register 
inversion 
is pro- 
grammed 
(active-low 
output), 
the macrocell's 
pin will 
be reset to a logic HI. For details on timing parameters 
that relate to preset and reset, please refer to A. C. Spec- 
ifications. 


Figure 
3 shows 
the 
macrocell 
architecture 
for 
the 
iPLD22VlO. 
The architecture 
allows registered 
or com- 
binatorial 
logic with active-high 
or active-low 
output. 


Note 
that 
in the iPLD22VlO, 
the output 
type deter- 
mines the feedback type (if any feedback is used): regis- 
tered output dictates 
registered 
feedback, and combina- 


torial output 
dictates 
pin feedback. 
Also, because out- 
puts may be programmed 
as either 
active-high 
or ac- 


tive-low on a macrocell-by-macrocell 
basis, the polarity 
or "sense" of the output pin associated 
with a.macrocell 
register is independent 
of the register itself. Table I lists 
the output 
configurations 
for the iPLD22VlO. 


S1 
SO 
Output/Polarity 
Feedback 


0 
0 
Registered/ 
Active 
Low 
Registered 
0 
1 
Registered/ 
Active High 
Registered 
1 
0 
Combinatorial/ 
Active 
Low 
Pin 
1 
1 
Combinatorial/ 
Active High 
Pin 


The Clock (CLK) 
input for macrocell 
registers 
comes 


from PIN 
I. If a CLK 
signal is not needed, 
i.e. if all 


outputs 
are combinatorial, 
PIN 
I may be used as an- 


other 
generic 
input 
to the logic array. 
Output 
Enable 


(OE) for each macrocell 
is controlled 
by a single p-term 


in the logic array. 
This p-term 
is not taken 
from the 


product 
terms that feed the macrocell 
(as is the case in 


traditional 
PAL devices), so there is no penalty for us- 


ing the OE p-term. 
OE for each macrocell 
is indepen- 


dent and asynchronous. 


The 85C22VlO macrocell 
architecture 
is shown in Fig- 


ure 4. This is an enhanced 
version of the iPLD22VlO 


macrocell. 
Note the additions 
to the clock and feedback 


selection sections. The addition 
of the XOR gate at the 


clock input 
to the macrocell 
flip-flop allows the clock 


to be inverted. 
When this feature 
is programmed, 
the 


macrocell 
flip-flop will latch at the falling edge of the 


CLK input, rather 
than the rising edge. This gives the 


system 
designer 
greater 
flexibility 
to determine 
clock 


timing for each macrocell. 


Figure 3. iPLD22V10 
Macrocell 
Architecture 
3-73 
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The other addition 
to this macrocell 
is the S2 switch in 


the feedback selection. The effect of S2 is clearly seen in 
Table 2. All combinations 
of output 
and feedback 
can 


now be supported. 
This opens up the possibility 
of us- 


ing the macrocell 
pins as true 110 ports. For instance, a 


bi-directional 
register 
can now be implemented 
on a 


single 85C22VIO. The 85C22VlO 
also allows a combi- 


natorial 
signal to drive a macrocell 
pin while a regis- 


tered version of that signal is fed back into the device. 
See Design Example 
2. 


S2 S1 SO 
Output/Polarity 
Feedback 


0 
0 
0 
Registered/Active 
Low 
Registered 
0 
0 
1 
Registered/ 
Active High 
Registered 
0 
1 
0 
Combinatorial/Active 
Low 
Pin 
0 
1 
1 
Combinatorial/Active 
High 
Pin 
1 
0 
0 
Registered/Active 
Low" 
Pin 
1 
0 
1 
Registered/ 
Active High" 
Pin 
1 
1 
0 
Combinatorial/Active 
Low' 
Registered 
1 
1 
1 
Combinatorial/Active 
High' 
Registered 


NOTES: 
'Not available on the 22V10 or 22VP10. 
"Not 
available on the 22V10. 


If none of the 85C22VIO's 
superset 
features 
are pro- 


grammed, 
they default 
to standard 
22VlO states, thus 


maintaining 
JEDEC 
compatibility 
with 22VlO devices. 
See 
Section 
5 
for 
Design 
Examples 
utilizing 
the 


85C22VlO superset 
features. 


This section is intended 
to expand on some of the data 
sheet 
details. 
Those 
qualities 
that 
the 
specifications 


characterize 
are interpreted. 


Typical 
data taken from in-circuit 
applications 
is pre- 


sented in Section 4, Advanced 
Design Issues. 


D.C. characteristics 
describe 
the steady-state 
behavior 


of 
a 
device. 
These 
specs 
provide 
insight 
into 
the 


iPLD22V10/85C22VIO's 
power 
consumption 
and 


compatibility 
with other devices. The areas covered in- 
clude input and output 
voltage and current 
levels, and 


supply current 
demands. 


The input 
voltage levels, VIH and VIL, show that the 


iPLD22VlO 
and 85C22VlO 
can be driven by standard 


TTL 
or 
CMOS 
logic 
components, 
so the 
designer 


doesn't 
need 
to worry 
about 
mixing 
logic families- 


even though the iPLD22VlO 
and 85C22VlO are CMOS 


PLDs. 
The 
VOH 
and 
VOL 
specs 
show 
that 
the 


iPLD22VlO 
and 85C22VlO 
can drive TTL loads over 


the specified 
test conditions. 
CMOS 
loads are capaci- 


tive in nature and do not require much current 
(typical- 


ly measured 
in /loA), so fanout to other CMOS devices 


is seldom a problem. 
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The best measur~of a device's ability to handle loads is 
10L. Most devices can "sink" more current than they 
can "source", so IOL is usually quoted in connection 
with load driving ability. The data sheet test condition 
for VOLshows that the iPLD22VlO and 85C22VlOare 
guaranteed to handle 16 mA loads while maintaining 
the output voltage at or below 0.45V. 


10H is generally specified at minimum voltage-high 
output, VOH.The iPLD22VlO and 85C22VlOoutputs 
are guaranteed to supply - 4 mA at a minimum of 
2.4V. This is information applicable for driving TTL 
loads, but CMOS deviceswill consume less current in- 
ternally if their inputs are driven closer to Vee. For 
this reason, Intel PLD22VlO and 85C22VlO PLDs 
have a built-in pullup circuit to drive their outputs to 
near Vceo and are specified to provide a minimum of 
-100 fLAfor Vo = Vee - O.3V.Refer to Figure 14 
for typical 10 vs V0 data. 


The D.C. specification of greatest interest to most de- 
signers is Ice. This value not only specifieshow much 
current the device will require, but also indicates how 
much heat (watts)' the device will dissipate. For this 
reason, the Ice specificationwill affect both the power 
supply requirements and the board reliability. Ice is 
measured with the device unloaded, so the value indi- 
cates how much current the device itself requires. 


Ice is specifiedat 15MHz, but because CMOS devices 
consume most of their power during transitions, Ice 
varies with the frequency of the clock and other inputs. 
For more precisecurrent/power calculations see Figure 
5: Typical Ice vs Frequency for a lO-bitcounter. 
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The A.C specificationsdescribe the guaranteed switch- 
ing frequencies and timing properties of the device. In 
this section, the meanings of data sheet quantities are 
clarified, and comparisons are made with competitive 
parts. 


Timing for combinatorial functions is determined by 
the total pin-to-pin propagation delay and the output 
enable/disable times tpD, tpzx and tpXZ. tpD is the 
delay between the time that valid data is present on an 
input pin, and the time that the effectof that input data 
is seen at an output pin. tpD is measured with output 
enable asserted; it does not include tpzx or tpxz. Fig- 
ure 6 shows tpD, tpzx and tpxz in the form of a timing 
diagram. 
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Registered output requires that valid data be present at 
the register's data input before the register is clocked. 
The user of a device ensures that this condition is met 
by adhering to the setup time, tsu. The setup time de- 
termines how long before the clock edge arrives at the 
CLK pin that valid data must already be at the input 
pin(s). 


The time between the arrival of the clock edge at the 
CLK pin and valid data being present at the output pin 
is teol. 
The minimum time needed to affect a valid 


registered output is then tsu + teOl. If the device is 
configured as a counter using external feedback from a 
macrocell output pin to an input pin, the maximum 
frequency with which it can be clocked is FeNTl 
1/(tsu + teOl)' 
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If internal 
feedback 
is used, then input 
and output 
buf- 
ers are no longer 
in the data 
path. 
Propagation 
time is 
decreased, 
and the maximum 
counter 
frequency 
is in- 


creased 
to FCNTI. 
Figure 
7 provides 
an overview 
of 


both FCNT values. 


The device 
may be used to output 
a registered 
sum of 


products 
without 
feedback. 
In this case, the maximum 


clock frequency 
is limited 
by the minimum 
clock peri- 


od: fMAX = l/tcP' 


The Synchronous 
Preset 
(SP) signal is derived 
from a 


single independent 
p-term. 
To insure 
predictable 
preset 


results, 
the designer 
will make 
sure that 
SP will meet 


the 
Synchronous 
Preset 
to CLK t 
Setup 
Time, 
tsP, 


before a clock edge is applied 
to the CLK 
pin to trigger 


a global register 
preset. 
In the case of the iPLD22VlO, 


all registers 
are triggered 
by a low-to-high 
clock 
tran- 


.---- 
I 
I 
I 


sition, 
and tsp is measured 
from that 
transition. 
How- 


ever, in the case of the 85C22VlO, 
the sense of the CLK 


signal can be selected 
for each macrocell 
on an individ- 


ual basis. 
The 
astute 
designer 
will see that 
this 
raises 


the possibility 
of synchronously 
presetting 
a subset 
of 


the registers 
on the device. 


For example, 
consider 
two state machines 
implemented 


on the same 85C22VIO. 
The first state machine's 
regis- 


ters are programmed 
to respond 
to a low-to-high 
clock 


transition 
at the CLK 
pin, while the second 
state 
ma- 


chine's 
registers 
are programmed 
to respond 
to the in- 


verted high-to-low 
clock transition. 
If SP is asserted 
tsp 


before a low-to-high 
clock transition, 
then the first state 


machine 
will be preset. 
But if SP is unasserted 
tsu 
be- 


fore the high-to-low 
clock 
transition, 
the second 
state 


machine 
will NOT 
be preset. 
In a similar 
fashion, 
the 


second 
state 
machine 
may be preset 
without 
affecting 


the first. A timing 
diagram 
of this superset capability 
is 


presented 
in Figure 
8. 
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Figure 7. FCNT Overview 
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The Asynchronous Reset (AR) signal is also determined 
by a single global p-term. However, because this is an 
asynchronous signal, no setup time with respect to 
CLK i is required. The time that elapses between the 
assertion of the reset condition and the time that the 
actual reset occurs at the output pin is teLR. 


Asynchronous Reset Recovery time, tARR.is the maxi- 
mum amount of time required for macrocell registers to 
begin correctly responding to CLK after AR is re- 
moved. No minimum recovery time is specified.To in- 
sure predictable results, AR should be removed (unas- 
serted) at least tARR before the next active clock edge 
appears at the CLK input. Other approaches here 
might be to disable outputs or hold inputs constant un- 
til tARR after AR is removed. Since tARR is a setup 
time with respect to CLK, it is given as a synchronous 
specification. On the other hand, tCLRdoes not depend 
on CLK, so it is included in the combinatorial specifi- 
cations. 


As end users demand higher speeds and time to market 
becomes more critical, designers require more detailed 
information than is typically available in the data sheet. 
The purpose of this section is to provide designers with 
data that characterizes the effects of loading, tempera- 
ture, and internal resource utilization on device per- 
formance. This data is intended to help support engi- 
neering decisions in all phases of product development, 
from design to production. 


Data were measured with the output load specified in 
the 85C22VlO data sheet unless otherwise specified. 
The topics covered in this section are: 


• Output Slew Rates 
• tpD Characteristics for Combinational Logic 
• Output Skew Characteristics for Synchronous Reg- 


ister Operation 
• Asynchronous Register Operation Characteristics 
• Output Current Characteristics 
• Design Considerations 


The output buffers in the iPLD22VlO and 85C22VlO 
are designed to reduce transmission line effectsthrough 
controlling output slew rates. Rapid voltages changes 
contain high-frequency components that can produce 
unwanted transmission line effects on circuit board 
traces. Possible effects include ringing, dispersion, and 
radiation losses. Overcoming these effects can be time 
consuming 
and 
expensive. The 
iPLD22VlO 
and 


85C22VlOoutput buffer design limits transmission line 
effects through providing low output slew rates. These 
low slew rates contain fewer of the high-frequency sig- 
nal components that give board designers headaches. 


Figure 9 provides sample iPLD22VlO/85C22VlO out- 
put waveforms expanded to highlight slew rate. Tables 
3 and 4 show that the slew rate is very consistent with 
respect to both temperature and number of outputs 
switching, though the slew rate does decrease slightly 
as temperature or the number of switching outputs in- 
creases. 


The consistent, slow edge rates provided by the Intel 
PLD22VlO and 85C22VlO allow the designer to use 
the full capabilities of these devices without having to 
worry about transmission line effects. 
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Figure 9a. Output Slew Rate, L -+ H Transition 
(PDIP, 10 Outputs Switching, Vcc = 5V, 
Temp = 25°C, Spec. Load) 
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Figure 9b. Output Slew Rate, H -+ L Transition 
(PDIP, 10 Outputs Switching, Vcc = 5V, 
Temp = 25°C, Spec. Load) 


Table 3. Output Slew Rate vs Temperature 


Transition 
Package 
Temperature 
Slew Rate 
Type 
(OC) 
(V/ns) 
L-+H 
PDIP 
0 
0.72 


PDIP 
25 
0.72 


PDIP 
70 
0.70 


PLCC 
0 
0.56 


PLCC 
25 
0.59 


PLCC 
70 
0.53 
H-+L 
PDIP 
0 
0.67 


PDIP 
25 
0.67 


PDIP 
70 
0.62 


PLCC 
0 
0.87 
PLCC 
25 
0.80 


PLCC 
70 
0.77 


TEST 
CONDITIONS: 
Vcc = SV, 10 Outputs Switching, Spec. Load. 


Table 4. Output Slew Rate vs 
Number of Switching Outputs 


Transition 
Package 
No. of Outputs 
Slew Rate 


Type 
Switching 
(V/ns) 


L-+H 
PDIP 
2 
0.83 


PDIP 
4 
0.83 


PDIP 
6 
0.78 


PDIP 
8 
0.75 


PDIP 
10 
0.59 


PLCC 
2 
0.71 


PLCC 
4 
0.56 


PLCC 
6 
0.59 


PLCC 
8 
0.60 


PLCC 
10 
0.59 


H-+L 
PDIP 
2 
0.88 


PDIP 
4 
0.78 


PDIP 
6 
0.75 


PDIP 
8 
0.70 


PDIP 
10 
0.67 


PLCC 
2 
1.17 


PLCC 
4 
1.0 


PLCC 
6 
1.0 


PLCC 
8 
1.0 


PLCC 
10 
0.80 


TEST 
CONDITIONS: 
Vcc = SV. Temp = 2S'C, Spec. Load. 


The rapid 
current 
changes 
that 
occur 
inside all high- 


speed 
logic 
devices 
during 
normal 
state 
transitions 


cause short-term 
voltage changes, or "glitches", 
on pins 


that are not changing 
state. This phenomenon 
is called 


ground 
bounce. Ground 
bounce is typically seen during 


the rising or falling edges of a state change, where inter- 
nal currents 
must change most rapidly. 


Table 5 shows typical ground bounce levels for the Intel 
iPL022VlO 
and 85C22VlO PLOs compared 
to several 


competing 
parts. Data 
presented 
in Table 5 was taken 


using the load specified 
in "EON's 
advanced 
CMOS 


logic ground-bounce 
tests", 
EON, 
March 
2, 1989. 


The low ground 
bounce levels of the Intel PLOs 
guard 


against 
glitch 
problems 
in high-performance 
systems, 


and 
free 
high-performance 
designers 
from 
a 
major 


headache. 


The Intel iPL022VlO 
and 85C22VlO PLOs in the plas- 


tic PLCC 
package 
provide 
the 
option 
of additional 


ground 
and Vcc connections. 
Table 6 shows the effect 


of using these additional 
connections. 
While the use of 


these pins is not required 
for normal 
specified 
opera- 


tion, connecting 
these pins produces 
a positive effect on 


ground 
bounce and glitch immunity. 


int'el.. 


Intel 
AMD 
Lattice 
Cypress 
ICT 
85C22V10 
PALCE22V10 
GAL22V10 
PAL22V10 
PEEL22V10 


Package 
PDIP 
PDIP 
PDIP 
PDIP 
PDIP 


Pk to Pk 
1.40V 
1.4aV 
1.a4V 
1.40V 
1.56V 


Peak 
o.aoov 
O.92V 
1.04V 
O.76V 
O.92V 


TEST 
CONDITIONS: 
Vcc 
= SV, Temperature 
= 2SoC, EON Load. 


Intel 
Intel 
85C22V10 
85C22V10 


Package 
PLCC 
PLCC 
Connections 
Pins 1, a, 15,22 
Pins 1, a, 15,22 
Open (NC) 
Connected 


Pk to Pk 
1.4aV 
1.32V 


Peak 
o.aav 
O.6av 


TEST 
CONDITIONS: 
Vcc = SV, Temperature 
= 2SoC, Spec 
Load. 


loading causes the propagation 
delay to increase or de- 


crease slightly. 
The maximum 
propagation 
delay (tPD) specified in the 
data sheet for -10 devices is 10 ns. This is guaranteed 
for worst-case 
voltage 
and temperature 
while driving 
the spec load. Factors 
that 
effect typical 
tpD include 


the number 
p-terms 
in the data 
path, 
the number 
of 


outputs 
switching 
simultaneously, 
and 
load 
capaci- 


tance. 


Figure 
11 shows the relation 
of tPD to number 
of out- 


puts 
switching. 
As 
the-number 
of outputs 
simulta- 
neously switching increases, tpD also increases. This ef- 
fect is related to the ability of the package 
power and 


ground 
leads to channel 
additional 
current 
to the de- 


vice. 


Figure 
10 shows typical tpD vs p-terms characteristics. 
As the 
number 
of 'p-terms 
increases, 
internal 
device 
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Figure 12a is the data sheet derating curve for tpD as a 
function of load capacitance. A large load capacitance 
will require a long time to charge up to an acceptable 
voltage level, and thus increase tpD. Typical values for 
tpD taken over a range of load capacitances are shown 


in Figure 12b. The typical value for tpD at 160 pF load 
capacitance is approximately 10.5 ns. Since tpD is spec- 
ified to be 10 ns max with a load capacitance of 50 pF, 
this represents a derating of 0.5 ns. This is well within 
the 3.5 ns maximum derating specified in Figure 12a. 
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Figure 12b. Typical 
tpD vs Load Capacitance 
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optional 
inverted 
CLK. 
The 
architecture 
of 
the 


85C22VIOmacrocell reveals that the CLK signal pass- 
es through the XOR clock inversion gate whether or 
not clock inversion is used. Thus. programming the in- 
verted clock superset feature introduces no speed penal- 
ty. 


The time that elapses between the appearance of an 
active clock transition at the CLK pin and the effect of 
that transition on data at an output pin is tco I. Intel 
PLDs are compensated to reduce the effect of tempera- 
ture on performance. A tCOI Derating vs Temperature 
curve is included in the datasheet. 


teOI skew is the difference in timing of one output pin 
with respect to another. This phenomenon is a result of 
different internal path lengths from the CLK pin to the 
various macrocells. Note that only minimum and maxi- 
mum values are specifiedfor teOI. No values for skew 
are quoted in the datasheet. Figure 13 shows typical 
tCOI skew measurements for different temperatures. 
The greatest measured skew was well under I ns for 
L -+ H transitions. The largest measured variation 
with respect to temperature was under 0.6 ns in the 
case of H -+ L transitions. 


The ability of a deviceto drive a load is directly reflect- 
ed by 10. Obviously, output current depends on the 
nature of the load, so only the short-circuit current. 
Isc. appears in the data sheet. Figure 14 gives greater 
insight into the output current capabilities of the 
iPLD22VIO and 85C22VIO.This graph shows output 
current as a function of load voltage for both output- 
high and output-low conditions. Notice that in this 
graph. the polarity of the current is ignored. For the 
output-low condition (lod. 
positive conventional cur- 


rent is flowing into the device: the device is sinking 
current. For output-high condition (IOH). current is • 
flowingout of the device:the deviceis sourcing current. 


A look at the 85C22VIOdatasheet shows that the speci- 
fied tCOI ranges are identical for standard CLK and 
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The best indication of a device's power consumption is 
Ice. One of the limitations of older bipolar devices is 
their high current consumption that requires a large 
power supply and overheats system circuit boards. 
Higher system temperatures reduce system reliability 
and performance to design margins. A major advantage 
of Intel's CHMOS HIE technology is low current con- 
sumption, and the minimal power dissipation that goes 
with it. Table 7 compares Intel's iPLD22VlO and 
85C22VlOPLDs to competitive parts. 


"Metastable" may be defined as the condition of a bi- 
stable system before it has entered one of its stable 
states. Metastability may be perceived as oscillation or 
"hovering" between stable states for a short period of 
time before the system resolves into a stable state. Me- 
tastability may be introduced into a logic system by 
violating timing or voltage parameters laid out in data 
sheets, but it may also appear as a result of random 
noise, ambient conditions, or other conditions beyond 
the control of the system designer. For this reason, me- 
tastability is usually predicted on a statistical basis and 
measured as Mean Time Between Failures (MTBF) for 
a given variable. 


Figure 15shows typical MTBF as a function of teo + 
tMET for the iPLD22VlO/85C22VlO-lO and for the 
PAL 22VlO-lO. These parts were programmed as lO- 
bit counters. Data for the 74F74 D flip-flop is also pre- 
sented for comparison. teo 
is taken from the data 
sheet. tMET is the amount of time after teo that is 
required for the device to produce a stable output. The 
total time required for stable output after a clock edge 
is teo + tMET. To design for a specific MTBF, the 
designer first finds the natural log of the specified 
MTBF on the vertical scale of Figure 15, then reads 
teo + tMETfor the corresponding device on the hori- 
zontal scale. Thus, for a given level of reliability, the 
designer can find the total time to allow between the 
clock edge input and valid data output. Note that the 
data input to clock setup time, tsu, must still be met. 
The maximum clock frequency that can be applied for 
a given MTBF is Fe = l/(tsu 
+ teo + tMET)' 
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Figure 15. Tau Curves for Intel 
PLD22V10/85C22V10-10 
vs Competition 


The Intel PLD22VIO and 85C22VIO are protected 
from metastability through careful register design and 
the use of high-gain output amplifiers driven by the 
macrocell. This provides immunity from metastability 
by ensuring that the output will be driven to one 


extreme state or the other: either logic HI or LOW. For 
more information on metastability, please refer to the 
Intel Application Note "Metastability Characteristics 
of Intel EPLDs", order number 292071-002. 


Design Example # 1-Split 
Phase State 


Machine 


It is sometimes desirable in synchronous system design 
to have events occur on both the rising and falling edge 
of the system clock. This allows events to be processed 
with greater timing granularity. 


This example is intended to illustrate one possible use 
of the programmable clock invert feature of the Intel 
85C22VIO.In doing this, it is also shown how to access • 
this feature using Data I/O's ABEL design tool. 


module 
WAIT 
title 
'wait 
state 
controller' 


wait 
device 
'p22vIOie'; 
"Intel 


elk. 
esO. 
esl. 
es2. 
es3 pin 
2. 
3, 


rdy 
• qO, 
ql pin 
23. 
24. 
25; 


"WAIT 
statemaehine 
bits 
defined 


start = 
AhO; wait2 = 
Ah4; halfl = 
idle = 
Ah7; waitl = 
Ah6; 
wait3 
= 
Ah5; ready = 
Ah3; 


state_diagram 
[rdy, 
ql. 
qO] 


state 
start: 
goto 
idle; 


state 
idle: 
if 
( lesO a: esl 
else 
if 
( esO 
a: 
else 
if 
( esO 
a: 
else 
if 
( esO 
a: 
else 
idle; 
state 
wait3: 
goto 
wait2; 
state 
wait2: 
goto 
waitl; 


state 
waitl: 
goto 
ready; 
state 
halfl: 
goto 
ready; 
state 
ready: 
goto 
idle; 


equations 


rdy.elk = 
lelk; 
[ql ••qO].elk = elk; 


end WAIT 


in PLCC 
package 


"Inputs 
"Outputs 


a: es2 
a: es3) 
then 
ready 
!esl 
a: es2 
a: es3 
) then 
eSl 
a: 
!es2 a: es3 
) then 
eSl 
a: es2 
a: 
!es3 ) then 


waitl 
wait2 
wait3 


"insert 
3 waitstates 
"insert 
2 waitstates 
"insert 
1 waitstate 
"half 
state 
between 
waitl 


i.ntAe mtel••llO'M 
microprocessor commumcate'Sft "'''inteI85C22VIO (see Figure 16).Two of the state bits of 


with memory or I/O devices, several mechanisms exist 
the WAIT state machine (ql, qO)clock on the rising 


for extending the bus cycles to accommodate slow 
edge of the system clock and one bit (RDY) utilizes the 


memory or I/O devices.Bus cycle extensions are usual- 
falling edge. This 
is 
made 
possible because the 


Iy referred to as wait-states. One method for requesting 
85C22VIO allows clock inversion on a macrocell by 


wait-states from the Intel486 microprocessor during a 
macrocell basis. Clock assignments in ABEL are simply 


bus cycle is to keep the RDY line inactive until the 
done in the EQUATIONS section using the syntax: 


desired number of wait states have been incurred. 
rdy.elk = 
!elk; 
[ql ••qO].elk = elk; 


WAIT STATE 


Tl 
T2 
Tl 
T2 
T2 
T1 


elK 


ADS -n 
L 
I 
I 
x: 
AD2-AD31 :l:)( 
VALID 
X 
VAL 
0 


_I 
I 
I 
I 
I 


I 
HALFll 


WAIT 
I_DL_E 
"X 
RE~DY 
~ 
WA_I••• 
Tl__ m: 


I 


By watching the Chip Select(CS) lines, the WAIT state 
machine determines the correct number of wait states 
to insert, the range being from 0-3 in this example. CS 
signals are typically decoded from the address signals 
out of the Intel 486. 


Referring to Figure 17,two bus cyclesare shown, illus- 
trating only the signalscritical to this example. Address 
signals are not guaranteed to be valid out of a 33 MHz 
Intel486 until 16ns after the rising edge of Tl which is 
already past the falling edge of Tl (assuming 50% duty 
cycle, 30 ns clock period). The next opportunity for a 
clock edge is the rising edge of T2. Using a fast PLD, 
such as the 7 ns Intel 85C224, the decoding of the ad- 
dress lines into a CS signal can be done in time to meet 
the required 7 ns setup time (tsu) into an 85C22VIO 
that contains the WAIT state machine. Since the first 
bus cycle shown involves CSO,it is a zero wait-state 


cycle. RDY is generated by the WAIT state machine 
on the falling edge of T2, in time to make the 8 ns setup 
time into the Intel486 before the rising edge of the next 
Tl. Since RDY is asserted until the falling edge of Tl, 
ample hold time is provided. 


The second bus cycle requires the insertion of a wait- 
state. This is dictated~he 
assertion of CSl. Now, 


instead of returning a RDY at the end of one T2 cycle, 
the WAIT state machine will wait through one addi- 
tional T2 cycle. Note that for this state sequenceWAIT 
goes through an intermediate "half state" between 
WAITI and READY. This is because the transition 
from WAITI to READY begins on the rising edge of 
the last T2 and is completed on the falling edge. This is 
illustrated as a state diagram in Figure 18. When de- 
signing a mixed clock phase state machine, care must 
be taken to account for intermediate half states. Valid 
state assignments must not conflict with half states or 
else proper results will not be achieved. 
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Figure 18. WAIT State Machine State 


Obviously this design only utilizes a small portion of 
the 85C22VIO. 
Ample room exists to add a bus arbiter 


or additional random logic. 


As long as close attention is paid to state assignments, 
mixed clock phase state machines can be a powerful 
design tool for meeting tough system timing require- 
ments. 


Idle 
WAIT1 
Half1 
Ready 


Assignments 


Rdy 
q1 
q2 


1 
1 
1 
1 
1 
0 


o 
1 
0 


o 
1 
1 


The need often arises in digital system design to store a 
status data bit or bits in a register for later reference. 
Typically a bi-directional databus is used for reading 
and writing this data. 
• 
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One of the superset features of the Intel 85C22V10 is 
the ability to take feedback into the devicefrom an I/O 
pin on a macrocell that is configured for registered op- 
eration. Recall that the standard 22VIOprovides only 
buried feedback when the macrocell is configured as a 
register. Access to this feature is available via popular 
3rd party tools such as ABEL, CUPL and MINe. But 
for this example, Intel's PLDshell was used. 


A schematic of the desired circuit is given in Figure 19. 
Data is strobed into the status register via RDCLK. 
When it is desired to read back the value of the data, 
this process is controlled by OE. Up to 10 such data 
registers may be implemented on a single 85C22VIO 
with separate OE control for each. 


The Intel 85C22VIOsupports all of the features of the 
standard 22VIO.In addition, it contains several super- 
set features such as support for I/O feedback on regis- 
tered configured macrocells. 
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; Inputs 
PIN RDCLK 
PIN CSl 
PIN DE 


STAT = STAT 
STAT.CLKF = RDCLK 
STAT.TRST = DE 
• 
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The introduction of the IBM· PS/2 (Personal Sys- 
tem/2·) 
models and the innovative Micro Channel· 
has provided numerous opportunities to develop cre- 
ative interface solutions. Although the interface re- 
quirements are new, the designer is faced with making a 
familiar choice: Use discrete chips (SSI/MSI), incorpo- 
rate a PLD, or go for the custom IC solution. 


In the past, using TTL on the PCIXT / AT bus was 
often a good choice, but the reduced size of the PS/2 
adapters ("plug in boards") increases the cost of board 
space dramatically. The custom chip solution is proba- 
bly the best for companies that have a well-defined 
product, large volumes, and can afford the cost of the 
chip development. The third choice, using a PLD, is 
one that has not been popular in PC bus interfacing due 
to the limited function and performance of most PLDs. 


The Intel 5AC312 is a third-generation EPLD that 
givesdesigners the resources needed to interface to bus- 
es like the Micro Channel. In addition, it provides two 
benefits not completely provided by either of the other 
two choices; high integration, and re-programmability. 
The rest of this application note contains a detailed pre- 
sentation of a basic POS (Programmable Option Select) 
implementation for the PS/2 Micro Channel that is 
done with the 5AC312 EPLD. 


One of the best features in the PS/2 models is the capa- 
bility to do system and adapter configuration with soft- 
ware instead of hardware. This feature, called POS 
(programmable Option Select), eliminates the need for 
switches on the motherboard and adapters by replacing 
them with programmable registers. The idea is, rather 
than removing boards and manually setting switches, 
all configuration information is located in files and can 
be read or written to the motherboard or to the adapt- 
ers through the Micro Channel. The motherboard and 
each connector on the Micro Channel has a unique sig- 
nal called -CD SETUP that initiates a setup mode when 
it is active. Only one connector at a time can be in the 
setup mode, which provides an organized way to per- 
form initialization. 


Each adapter must implement POS with eight registers. 
Depending on the adapter function, not all of them 
need to be used. The first three (POS registers 0,1,2) are 
required because they provide the adapter ID and the 
adapter enable/disable function necessary during setup 
and error checking. In brief, the way that the system 
uses POS is as follows: 
I. The system selects the adapter to be placed in setup 


mode by driving its -CD SETUP signal active. 


2. The adapter is identified by reading two ID bytes 


from POS 0 and POS I (HEX 100 and 101). 


3. The adapter is disabled by writing "0" to POS 2 


(HEX 102). 


4. If implemented, Option Select Data is written to 


POS 3, 4,5. 
5. The adapter is enabled by writing "I" to POS 2. 
6. The adapter is out of setup mode when the system 


drives the -CD SETUP signal inactive. 


The actual hardware implementation of POS is summa- 
rized in IBM technical documents, but the details are 
left up to each designer. 


The adapter used for this design is an Intel single-func- 
tion card that incorporates two modems controlled by a 
8OC186.Since it performs only one function, there was 
no need to implement the POS Option Select bytes. 
(These POS bytes are used with multi- function adapt- 
ers that do more than one task and reside in the system 
with similar adapters.) In this case, the only require- 
ments were to provide the ID bytes and the enable/dis- 
able features, which are done with POS registers 0,1, 
and 2. Figure I shows the POS register layout and the 
typical POS hardware implementation as suggested by 
IBM. Table I defines the POS registers. 
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LOCAL 
ADAPTER 
CONTROL 


POS 


Registers 


AOI 
3 
2 
POS 
AOO 
1 
Registers 


0 


Decode 


000-007 • 


10 
Drivers 


3 


••S8YlE 


Address 
Register 
-CD 
Address 
Bit 
Function 
(hex) 
SETUP 
A2 
A1 
AO 


0100 
POS Register 
0 
0 
0 
0 
0 
Adapter 
Identification 
Byte (Least Significant 
Byte) 


0101 
POS Register 
1 
0 
0 
0 
1 
Adapter 
Identification 
Byte (Most Significant 
Byte) 


0102 
POS Register 
2 
0 
0 
1 
0 
Option Select Data (Byte 1)· 


0103 
POS Register 
3 
0 
0 
1 
1 
Option Select Data (Byte 2) 


0104 
POS Register 4 
0 
1 
0 
0 
Option Select Data (Byte 3) 


0105 
POS Register 
5 
0 
1 
0 
1 
Option Select Data (Byte 4)· 


0106 
POS Register 
6 
0 
1 
1 
0 
Subaddress 
Extension 
(Least Significant 
Byte) 


0107 
POS Register 
7 
0 
1 
1 
1 
Subaddress 
Extension 
(Most Significant 
Byte) 
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With 12 macrocells and a host of other features, the 
5AC312 is Intel's newest EPLD. The device is based on 
the same CHMOS process used in other Intel devices. 
This EPLD provides an abundant feature set, but its 
strength lies in being able to efficiently implement one 
very important function missing from most PLDs: reg- 
ister-logic-register functions. 


The 5AC3l2 (Figure 2) contains 12 macrocells with 
programmable outputs and inputs. A macrocell is the 
basic block associated with each output register within 
the EPLD. The 5AC3l2 has the following features: 
• 12110 macrocells with dual feedback for implement- 


ing buried registers. 
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• 8 programmable 
inputs that can be configured as 
latches, registers, or flow through inputs. These can 
be clocked synchronously or asynchronously. 


• Product term allocation on each macrocell. 
• 2 product terms on all macrocell control signals. 
• 2 multi-function pins; a CLK/INPUT 
and a ILE/ 
ICLK/INPUT. 


• 40 MHz operation. 


The 5AC312 provides three major benefits that are es- 
pecially important to designers working on bus inter- 
faces: 
1. The availability of input latches (Figure 3) makes it 
easy to synchronize bus control signals synchronous- 
ly or asynchronously. The latches can be clocked as a 
group of 8 or individually, as is quite common on 
most buses. Input latches also make state machine 
designs more reliable. Since buses are prone to glitch- 
es and other transients, the ability to hold the inputs 
stable while transitioning through states makes the 
difference between a clean and a jittery state ma- 
chine. 


2. Product Term Allocation (Patent Pending) brings a 
new concept to the Intel EPLD family and makes 
the 
5AC312 unique 
among 
PLDs. 
This 
feature 
means that the designer can implement large designs 
that contain as few as zero or as many as 16 product 


NOTE: 
Flow-throughinputselected by connecting ILE P-Termto Vcc. 


terms per macrocell (Figure 4). Product Term Allo- 
cation takes place in two rings of six macrocells. 
Within each ring (Figure 2), individual macrocells 
can allocate p-terms to/from 
adjacent macrocells. 


This is a real benefit in bus decoding where interme- 
diate signals can have few or many p-terms all within 
the same logic function. Most designers that use 
PLDs have at least one horror story of a design that 
required 10 or more p-terms and a device that could 
only provide 8. 


3. A flexible output structure is a must for efficient bus 


interfacing, which quite commonly requires lots ofI/ 
o and complex control signals. The 5AC312 meets 
these demands head-on with dual-feedback 
paths 


and two p-terms per control signal on all I/O macro- 
cells. This means that certain functions, like state 
machines, can be buried and a pin won't be wasted 
because it can be used as an additional input. Also, 
output enables and register operations are frequently 
generated by a combination of memory, I/O, read, 
and write strobes. Many times these control signals 
require two p-terms or the equivalent of an external 
• 
read/write 
multiplexer. Prior to the 5AC312, the 


only way to implement this in PLDs was to waste a 
macrocell to inefficiently provide this function. Fig- 
ure 5 shows the macrocell structure and details this 
third benefit. 
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plies. The device consumes 
much 
less power 
than 
an 
equivalent 
TTL or PAL implementation. 


The POS requirements 
placed on our modem 
adapter 
are easily met by putting 
the 5AC312 to some creative 
use. In terms 
of performance, 
the 25 ns propagation 
delay and capability 
to operate 
to 40MHz 
is more than 
adequate 
for 
the 
system 
requirements 
during 
setup 
mode. 


POS registers 
0, I, and 2 can be easily accommodated 
with 
12 macrocells. 
Eight macrocells 
are used to load 
and output the ID bytes from POS 0 and I. One macro- 
cell is used as the LSB of POS register 2. The remaining 
three macrocells 
make up a state machine that internal- 
ly sequences 
through 
the setup mode. The partitioning 
used for this design is shown in Figure 6. 


The state diagram 
shown in Figure 7 explains the oper- 
ation of the design. 
During 
SO (state 0), the 5AC312 
idles until -CD SETUP 
is driven active. The adapter 
is 
already disabled and POS 2 is zero because during pow- 
er-up and reset the 5AC312 registers 
come up as logic 
O. When -CD SETUP is driven active, the 5AC312 goes 
to SI and loads the first ID byte, FFH. It remains in SI 
while waiting 
for a READ 
POS 0 command. 
As soon 
as POS 0 is read the state machine 
cycles to S2 and 
outputs 
FFH which is the least significant 
byte for our 
adapter. 
Once READ 
POS 0 is inactive, 
the 5AC312 
cycles to S3 where it loads the second 
ID byte (7FH) 
and waits for READ 
POS I active. The last ID byte is 
put 
on the bus when 
READ 
POS 
I comes 
and the 
machine 
goes to S4. Since we know that the next two 
setup operations 
are I/O writes, the 5AC312 remains in 
S5 while POS 2 is disabled 
and enabled per the Micro 
Channel 
bus specification. 
This operation, 
which 
is a 
bit 
write 
of a register, 
is easily 
done 
by using 
the 
5AC312's 
dual feedback capability. 
While bit 0 of POS 
2 uses the DOO line, internally 
it gets routed 
to a sepa- 
rate register. Without 
dual feedback this internal 
trans- 
ceiver function 
would be impossible 
to implement. 


The IBM Technical 
Reference 
Manual 
provides a table 
for suggested 
ID bytes arranged 
by adapter 
type. The 
modem card falls under the category 
of storage device, 
so 7FFFH 
was chosen. While IBM has assigned unique 
IDs for its own cards 
the third 
party 
choices 
are up 
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000 


001 


002 


003 


POSO.1 


004 


005 


006 


007 


EN 
POS2 


for grabs. It is conceivable that more than one company 
may assign the same ID to their own cards. In this case, 
companies 
that implement 
the POS function 
in discrete 
TTL 
or a custom 
IC may 
have a problem. 
That 
is, 


they'll either have to re-do the design, which could be 
expensive, 
or, cut and jumper 
the board, 
which, 
goes 


against the Micro Channel 
specification 
and still costs. 


Since the 5AC312 is re-programmable, 
the risk of con- 
flicting 
IDs 
is minimized 
since 
all 
that 
is needed 
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CDSETUP 


:OUTPUTS DISABLED 
:SET POS 2=0 


READPOSO 
:LOAD POS 0 (ffH) 


READ POSO 
:10 ON BUS (ffH) 


READ POS 1 
:LOAD POS 1 (7fH) 


READ POS 1 
:10 ON BUS (7fH) 


CDSETUP 
:WRITEDISABLE POS 2 
:WRITEENABLE POS 2 
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A34 
lol -10 
L1NP1 
1/0.9 
--: 
001 
B38 


A32 
-SO 
L1NP2 
1/0.10--: 
002 
A38 


A33 
-Sl 
L1NP3 
1/0.7 
--: 
003 
839 


A01 
-CD SETUP 
L1NP4 
1/0.8 
--: 
004 
B40 


B34 
-CIolD 
L1NP5 
1/0.6 
--: 
005 
A40 


A18 
AO 
L1NP6 
1/0.5 
--: 
006 
A41 


A17 
A1 
L1NP7 
1/0.4 
- 
007 
A42 


A16 
A2 
L1NP8 
1/0.3 
(SIol2) 


(S1ol1) 
1/0.1 
1/0.2 
CDEN 


GND 
ILE/ICLK/INP21 
TO/fROIol 
ADAPTER LOGIC 
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is to burn another EPLD with the appropriate bytes. 
The pinout for the 5AC312 POS implementation is 
shown in Figure 8. Note that a bus driver is required to 
support the current levels on the Micro Channel. The 
definition for the signals can be found in the IBM liter- 
ature, but briefly is as follows: 
M/-I/O 
Memory or Input/Output. 


-SO,-SI 
Status bits 0 and 1. 


-CD SETUP Card Setup. 
-CMD 
Command. 
AO-A3 
Address bits 0-3. 
DOO-D07 
Eight bit data bus. 
DECODE 
Adapter decode for the higher order 16 
bit address bus. 


EN/-DIS 
Enable/Disable adapter. 


The 5AC312 was developed and programmed using the 
Intel IPLSII 1.5 EPLD software. This software pro- 
vides a variety of entry methods like Boolean equation, 
state machine, and schematic capture. For this particu- 
lar design, equation entry was the most convenient 
since the implementation was done in one IC. 


The minimized and ordered .LEF (Logic Equation 
File) for the 5AC312 is shown in Figure 9. A quick 
glance at a few items really points out the power of the 
5AC312. For example, the equation for variable ENd 
has II p-terms. Without p-term allocation this would 
not have fit unless it was done with two macrocells, 
which is wasteful. Also, the output enable control sig- 
nal OE contains two p-terms for each macrocell. Again, 
without the 5AC312 some work-around may have been 
possible. But its unlikely that the design could have fit 
in one device, resulting in a functional but not too opti- 
mal solution. Finally, in keeping with good state ma- 
chine design practices, all of the critical bus signals 
were received by registers with the EPLD primitive 
RINP (Registered Input). 


A description of the Micro Channel Adapter Descrip- 
tion File and the Configuration Utilities is beyond the 
scope of this article. The IBM literature is very descrip- 
tive in how adapters are setup and configured, and the 
reference section contains the names of the pertinent 
documents. 


This modem adapter POS implementation was easily 
done in one 5AC312 device.Adding other Micro Chan- 
nel interface features like arbitration or interrupt shar- 
ing would overburden it. Since this adapter did not 
have those requirements it was not a problem. Howev- 
er, a complete POS implementation with Option Select 
Bytes and other features could be done with the 
5AC312's big brother, the 5AC324. 


Interfacing to the PS/2 Micro Channel can be a diffi- 
cult chore when using PLDs or other solutions that are 
not flexibleor powerful enough. However, the 5AC312 
with its powerful features like product term allocation 
is a giant step in the right direction to making the job 
easier. 


Many thanks to Thorn Bowns and Dan Smith for their 
help with this article. 
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OPTIONS: 
TURBO-ON 
PART: 


5AC312 
INPUTS: 
HIO@3, 
nSO@4, 
nSI@5, 
nCDSETUP@6, 
nCMD@7, 
AO@8, 
AI@9, 
A2@10, 
DECODE@13, 
CLK@!, 
DO@23 
OUTPUTS: 


DOO@23, 
D01@22, 
D02@21, 
D03@20, 
D04@19, 
D05@18, 
D06@11, 
D01@16, 
EN@14, 
SMO@2, 
SH1@11, 
SM2@15 
NETWORK: 


IRE 
- CLKB (CLK) 
CLK 
- 
INP(CLK) 
HIO 
RINP(MIO, 
IRE, 
GND, 
GND) 
nSO 
RINP(nSO, 
IRE, 
GND, 
GND) 
nS1 
= RINP(nSI, 
IRE, 
GND, 
GND) 
nCDSETUP 
- RINP(nCDSETUP, 
IRE, 
GND, 
GND) 
nCMD 
- RINP(nCMD, 
IRE, 
GND, 
GND) 
AO 
- RINP(AO, 
IRE, 
GND, 
GND) 
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IRE, 
GND, 
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DECODE 
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INP(DECODE) 
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GND, 
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GND, 
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D04 
RONF(D04d, 
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GND, 
GND, 
OE) 
DOS 
- RONF(D05d, 
CLK, 
GND, 
GND, 
OE) 
D06 
- RONF(D06d, 
CLK, 
GND, 
GND, 
OE) 
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RONF(D01d, 
CLK, 
GND, 
GND, 
OE) 
EN, 
EN 
- RORF(ENd, 
CLK, 
GND, 
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• nCDSETUP'; 


SMId 
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SMI' 
• SMO 
• nCDSETUP' 
• MIO' 
• nSO' 
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• AI' 
• DECODE· 


n5l 
+ 5M2' 
• 5MI * 
5MO' 
• nCD5ETUP' 
+ 5M2' 
* 
SMI * nCD5ETUP' 
• DECODE' 
+ 5M2' * 
5MI * nCD5ETUP' 
• Al 
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5MI 
• nCDSETUP' 
• A2 
+ 5M2' 
• 5MI 
• nCD5ETUP' 
• n5l' 
+ 5M2' * 
SMI 
• nCD5ETUP' 
• n50 
+ SM2' 
• 5MI 
• nCD5ETUP' 
• MIO; 


SMOd 
(5M2' * SMO 
* MIO' 
* n50' 
• nSI 
* A2' 
* AI' .DECODE 
+ 
5M2 
* SMO' 
* MIO' 
* n50' 
* nSl 
* A2' 
* Al' .DECODE 
+ 
5MI 
• MIO' 
* n50' 
* 
nSl 
* A2' 
* Al' 
• DECODE 
+ 
SM2 
* SMI 
+ 
nCDSETUP)'; 


ENd 
- DO 
• MIO' 
• A2' 
• Al 
• AO' 
• DECODE 
• SM2 
• SMI' 
• SMO 
• nSI' 
• nSO 


+ nSO' 
• EN 
+ nSI 
• EN 
+ 5MO' * EN 
+ SMI 
• EN 
+ SM2' * EN 
+ DECODE' 
• EN 
+ AO 
• EN 
+ AI' 
• 
EN 
+ A2 
• EN 
+ MIO 
• EN: 


D07d 
SM2' 
* 
SMO' 
+ 5M2' 
* 
SHl'; 


D06d 
(5M2 
• SMI)': 


D05d 
- 
(SM2 * 8Ml)'; 


D04d 
(SM2 * 
8M!)'; 
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The Intel SAC312 EPLD (Erasable Programmable 
Logic Device) was developed to break down certain ex- 
isting PLD architectural barriers and meet increased 
performance needs. The Intel SAC312 EPLD was de- 
signed by EPLD users with direct input from system 
designers. In the design process, emphasis was placed 
first on gate utilization, and then on density. 


This application note highlights the advanced architec- 
ture and features of the SAC312 EPLD and shows the 
benefits of designing with this new device over more 
traditional PLD architectures. These features include 
enhanced input structure with register!latch option on 
all input pins (synchronous or asynchronous opera- 
tion); user-controllable, software-supported p-term al- 
location scheme in all macrocells; and multiple p-terms 
on control functions (asynchronous CLK, SET, RE- 
SET,OE). 


It should also be noted that the features and informa- 
tion described here also apply to the new SAC324 
EPLD. The SAC324is basically a 24 macrocell version 
of the SAC312. 


The SAC312 was designed with a highly flexible mac- 
rocell and I/O structure allowing the device to imple- 
ment both combinational and sequential logic func- 
tions. The enhanced input structure not only allows the 
device to latch and hold incoming data, but also to 
implement register-combinational-register logic to easi- 
ly accommodate state machine designs. Figure I shows 
a global view of the SAC312 architecture. 


The SAC312is equipped with 8 user-programmable in- 
put structures that can each be configured to work in 
one of five modes: I) synchronous D-type register, 2) 
asynchronous D-type register, 3) synchronous D-type 
latch, 4) asynchronous D-type latch, and 5) flow- 
through input. Each input can be configured indepen- 
dently of the others. The desired configuration is imple- 
mented through the programming of EPROM architec- 
ture control bits by the logic compiler under user-con- 
trol. 


The SAC312 also has a unique macrocell array struc- 
ture that allows for user-controllable, software-support- 
ed product term allocation in each of its 12macrocells. 
Each of the 12macrocells also has a dual feedback op- 
tion with independent feedback and I/O paths. Each 
macrocell has 16product terms, 8 of which control the 
OE, 
PRESET, 
ASYNCHRONOUS 
CLOCK, 
and 


CLEAR signals (2 p-term~per signal). The other 8 feed 
the data input to the macrocell and are split into two 
groups of four (upper half and lower half). See Figure 
2. Each group of four can be allocated to an adjacent 
macrocell if needed. 


As shown in Figure I, the 12macrocells of the SAC312 
are further divided into two "rings" with 6 macrocells 
per ring. Allocation of p-terms to adjacent macrocells 
can occur with a given ring. See Figure 3 for p-term 
allocation scheme. 


Each macrocell register in the SAC312is also equipped 
with an asynchronous PRESET signal. The PRESET 
function can be constructed in more traditional archi- 
tectural devices such as the SC060 and SC090 using 
combinational logic and feedback, however two macro- 
cells are consumed in the process. To illustrate this dif- 
ference, compare Figure 2 to the implementation 
shown in Figure 4. The PRESET function would re- 
quire additional macrocells in traditional architectures 
if it were expanded beyond a single p-term. 


Multiple p-terms on the control functions (asynchro- 
nous CLOCK, PRESET, RESET, and OE) increases 
the efficiencyof the device. Multiplexed I/O is accom- 
plished by controlling the output buffer associated with 
each macrocell using the 2 p-terms set aside for imple- 
menting an OE function._Multiple p-terms create a 
means to avoid using macrocells for control logic. For 
example, it would take two macrocells in the SC060 
and SC090 EPLD to drive the OE line by a 2 p-term 
signal. To illustrate, compare Figure 2, the SAC312 
macrocell structure, to Figure 5, a diagram of how a 
two p-term OE signal can be implemented in a SC060 
or SC090 EPLD. 


P-term allocation allows for more efficient use of p- 
terms and thus increased device utilization by raising 
the number of p-terms per macrocell to 16.P-term allo- 
cation, where p-terms are dedicated to certain macro- 
cells, should not be confused with p-term sharing, 
where several macrocells can actually use the same p- 
terms. The p-term allocation scheme in all macrocells is 
user-controllable and software supported, and provides 
the ability to satisfy designs with large p-term require- 
ments. P-term allocation is ideal for p-term intensive 
applications such as complex counters or comparators. 


P-term allocation in the SAC312is used when a design 
requires one of the 12macrocells to employ more than 
8 p-terms. P-term allocation is simply the transfer 
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of logic resources 
(p-terms) 
from 
areas 
they 
are not 
being utilized to other areas within the chip where they 
are needed. 
As shown in Figure 
3, each macrocell 
has 
the potential 
to borrow 
4 more p-terms 
to add to the 8 


it already has from each of its adjacent 
macrocells. 
This 


increases 
the maximum 
number 
of p-terms 
per macro- 


cell to 16. Thus, any macrocell 
within the 5AC312 has 
the 
potential 
to satisfy 
logic functions 
requiring 
be- 
tween 0 and 16 p-terms. 


P-terms 
can be allocated 
in a "shift 
register" 
mode 
within each of the two rings of the macrocell; 
however, 
allocation 
of p-terms 
between 
rings is not possible. See 
Table 
I for a listing of adjacent 
macrocells 
within 
p- 
term allocation 
rings. 


CLOCK 


CLEAR 


FEEDBACK 


Figure 5. Implementation 
of 


2 P·Term OE Control 
Signal 


Table 
1. 5AC312 
Product 
Term Allocation 
Rings 


Ring 1 
Ring 2 


Current 
Next 
Previous 
Current 
Next 
Previous 
Macrocell 
Macrocell 
Macrocell 
Macrocell 
Macrocell 
Macrocell 


1 
2 
8 
7 
8 
12 
2 
3 
1 
8 
9 
7 
3 
4 
2 
9 
10 
8 
4 
5 
3 
10 
11 
9 
5 
6 
4 
11 
12 
10 
6 
1 
5 
12 
7 
11 
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for use when some or all of its p-terms are allocated 
away. If all of the p-terms of one macrocell are allocat- 
ed away to its respective adjacent macrocells, the data 
input to that macrocell defaults to GND. This polarity 
can be changed through programming of the invert se- 
lect EPROM bit. The I/O register as well as all second- 
ary controls to this I/O control block are still available 
and can be used as needed for design purposes. 


The 5AC3l2 
contains separate 
input and feedback 
paths (dual feedback) on each of the macrocell 110 
control blocks. This allows designs to utilize input pins 
when the associated macrocells have been assigned a no 
output 
with buried feedback primitive. Multiplexed 
110 is accomplished by controlling the output buffer 
associated with each macrocell using the 2 p-terms that 
implement the OE function. Registered outputs may be 
clocked from the synchronous CLK/INP I pin or asyn- 
chronously 
clocked by the 2 p-terms 
available for 
ASYNCH_CLK. 


-t-- 


Another feature of the 5AC3l2 is its power-on charac- 
teristics. The 110 registers of the 5AC312 experience a 
reset to their inactive state upon Vcc power-up. Using 
the PRESET function available for each macrocell al- 
lows any particular register preset to be achieved after 
power-up. The inputs and outputs of the 5AC312 begin 
responding approximately 
10 fLs (6 fLs typical) after 


Vcc power-up 
or 
after 
a power-10ss/power-up 
se- 


quence. 


A trade-off between power consumption and speed is 
possible when using the 5AC3l2 by programming the 
"Turbo Bit". Left unprogrammed 
and with no tran- 


sition occurring at the device inputs for a period of 
approximately 100 ns, the device powers-down the in- 
ternal array while holding the outputs at their previous 
levels. At the next input transition 
occurrence, 
the 


5AC312 powers-up the array and reacts to the change 
in input conditions. If the "Turbo Bit" is programmed, 
the power-down circuitry is disabled and the device will 
not power-down even if there are no more transitions. 
The array power-up sequence requires an additional 20 
ns of propagation delay. Power supply current during 
power-down is no more than 120 fLA.See Figure 6. 
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An example application for the 5AC3l2 can be shown 
by replacing a PAL' 20R6 and a 374 D type flip-flop in 
a design due to a power constraint. The same imple- 
mentation can be achieved consuming less power using 
one 5AC3l2 EPLD. Compare Figures 7 and 8. Straight 
jumpers can be substituted in the PC board where the 
374 sits, and since the clock signal is already available 
on the PAL socket, it can be internally routed to clock 
the input registers of the 5AC3l2. The 5AC3l2 can 
then be programmed to match the existing pin assign- 
ments and therefore require no PC board re-layout. The 
internal circuitry of the 5AC3l2 allows the EPLD to 
act as both a D type flip-flop and a PAL. 


The 5AC3l2 
EPLD, which uses advanced CHMOS 


EPROM cells as logic control elements instead of poly- 
silicon fuses, represents an innovative device to help 
overcome the primary limitations of standard PLDs. 
With its advanced features, proprietary 
architecture 


and macrocell structure, the 5AC3l2 is capable of im- 
plementing high performance logic functions more ef- 
fectively than was previously possible. The p-term allo- 
cation scheme is a unique feature, increasing the effi- 
ciency of the device immensely. The PRESET signal 
and 2 p-term control lines are also features giving the 
5AC3l2 added efficiency 'in many designs. 


These same architectural features have been included in 
the 5AC324 EPLD, making that device ideal for even 
higher integration applications. Refer to the 5AC324 
Data Sheet for details on that device. 


374 
0 FLIP-FLOP 
20R8 


18 
80 
80 
19 
23 
112 
17 
16 
14 
14 
70 
70 
15 
11 
111 


13 
60 
60 
12 
10 
110 


8 
50 
50 
9 
9 
19 


7 
40 
40 
6 
8 
18 
06 
oun 


4 
3D 
30 
5 
7 
17 
05 
OUT2 


3 
20 
20 
2 
6 
16 
04 
OUT3 
10 
10 
5 
15 
03 
OUT4 


CK 
4 
14 
02 
OUT5 
OE 
13 
01 
OUT6 
3 
11 
2 
12 
102 
OUll 
Rl 
1 
11 
101 
OUT8 


CK 
OE 


CLOCK 
13 


SELECT 
R2 


ADDRESS 


WRITE 
- 


RESET 


292049-7 


• 


intel· 


SAC312 


23 
112 
14 
111 
11 
110 
10 
19 
9 
18 
06 
oun 
8 
17 
OS 
OUT2 
7 
16 
04 
OUB 
6 
S 
IS 
03 
OUT4 


4 
14 
02 
OUTS 


3 
13 
01 
OUT6 
!2 
102 
OUT7 
Rl 
2 
11 
101 
OUT8 


CK 
OE 


CLOCK 
13 
- 


SELECT 
R2 


ADDRESS 


WRITE 


RESET 


ARTICLE 
REPRINT 


IDEAS FOR DESIGN 


A MICRO CHANNEL 
SLAVE-ADAPTER 
LINK 


M 


any times neither of the two 
available 
implementations 
for executing 
a PS/2 Micro 
Channel slave adapter are optimum 
solutions. 
Precustomized 
PS/2 
Mi- 
cro Channel chips may offer more 
functionality 
than 
necessary 
for 
many slave-adapter 
designs. A stan- 
dard PAL-and-TIL solution, howev- 
er, can require too much of the valu- 
able PS/2 adapter-board 
space. 
For 
the 
Micro 
Channel 
slave- 
adapter interfaces that are too small 
for full-custom design, but too large 
for 
a PAL 
implementation, 
the 
5AC324offers a third solution. In ad- 
dition to saving 
board 
space, 
the 
5AC324 saves power. With a 5O-mA 
Ice, the CMOS part consumes much 
less power than its bipolar (or CMOS) 
PAL substitutes. 
A 40-pin, 24-macro- 


cell 
programmable 
logic 
device 


(EPLD), the 5AC324supplies high in- 
tegration and includes input latches. 
Furthermore, 
designers can custom- 
ize it for each interface design. 


For example, consider an interface 
for an 8-bit I/O slave (seethefigure). 


TODD K. KOELL[NG 
Intel Corp., 1900Prairie City Rd., Folsom, CA95630;(916)351-5788. 


The 5AC324's 
transparent 
input 


latches makes latching incoming ad- 
dress and bus-cycle information con- 
venient 
and 
ensures 
valid 
data 
throughout 
the command cycle. De- 
coding the latched 
data 
generates 


the I/O and transceiver 
control out- 
puts, (lORD and IOWR and TOE). 
The inputs latch on the Address De- 
code Latch (ADL) signal; the Com- 
mand (CMD) signal gates 
the out- 
puts. 
For 
read 
or write 
cycles, 
the 
5AC324 EPLD first establishes 
the 
transceiver direction with the Trans- 
ceiver Send/ Receive (TS/R) signal. 
Then, the 5AC324 enables the trans- 
ceiver 
(TOE) and~rates 
the 
read/write 
strobe (lORD or IOWR) 
when the command cycle (CMD) be- 
comes 
active. 
The latched 
Micro 
Channel bus-cycle information 
sig- 
nals needed to generate 
these con- 
trols are the memory-I/O 
cycle (M/ 


10), Bus Status (ST, SO), Card-Setup 
(CDSETUP), and Board Select De- 
code (BDSEL) signals. 


Since the CDSFDBK signal must 
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be generated 
off the unlatched 
ad- 


dress decode, a second address 
de- 


code (CDSEL) feeds into the EPLD. 
The 
CDSEL 
signal 
remains 
un- 


latched while BDSEL is latched for 
the control strobes. The address de- 
coding could be performed inside the 
5AC324. 
However, 
because 
that 
function requires many pins and lit- 
tle logic, an external 
8C508 EPLD 
gives more efficient address 
decod- 


ing. 


Besides 
generating 
the control 
signals, 
the 5AC324 also houses 
a 
significant 
amount 
of programma- 


ble option-select 
(POS) logic. The 


5AC324 implements 
the 
POS IDs 


(POS 100 and 101),Card-Enable reg- 
ister (POS 102, bit 0), and option-se- 
lect databyte 
2 (POS 103). All POS 


data 
transfers 
through 
a multi- 
plexed 
bus 
configuration 
on data 


lines 0 through 7 (D.,.,).The user pro- 
grams 
the ID bytes 
to his unique 


card ID value. 


The Card-Enable 
register 
estab- 
lishes the req uired card-enable func- 
tion, and the POS 103 register 
is 
available for user-defined configura- 
tion data. The Micro Channel-bus in- 
put signals that determine 
the POS 
~ 
are the 
Card Setup 
(CDSE- 


TUP), Lower Address lines (A2, AI, 
AO), Memory or I/O Cycle (M/IO) 
signal, and Bus Status (ST, SO) sig- 
nals. 


To meet Micro Channel bus-driv- 


ing requirements, 
the circuit uses an 
external 74245 bus data transceiver. 
This arrangement 
isolates the local 


data 
bus from the Micro Channel 


data bus. With a 15-ns address-de- 
coding device, the 30-ns TPO of the 
5AC324 easily meets the timing re- 
quirements 
for the CDSFDBK and 
POS signals. 
Because 
timing 
re- 
quirements 
are fairly tight, an ex- 


tended cycle would need faster 
cir- 
cuitry outside the 5AC324. 


A designer can easily modify this 
8-bit interface into a 16-bit interface 
by adding an additional transceiver, 
Card Data Size 16 (CDDS16), and 
controls for it. By utilizing the un- 
used 
outputs 
and 
decreasing 
the 
POS logic as 
needed, 
the 
design 
could be expanded to control memo- 
ry transactions. 0 
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esigners 
are turning 
to reduced-instruc- 


tion-set 
computer 
(RISC) 
processors, 


such as the 80960KB, for embedded-con- 
trol systems 
because 
they deliver the nec- 


essary 
speed and streamlined 
operation. 


Design 
problems 
arise, 
however, 
when 


RISC processors 
are used. For example, 


RISC processors 
have more complex 
in- 


terface 
needs than do slower, convention- 


al embedded 
controllers. 
With the 80960KB, 
designers 
can take 
advantage 
of 


the 
85C960 
programmable-logic 
device, 
which 
imple- 


ments 
the difficult 
portions 
of the interface 
and easily 


configures 
the programmable 
logic. The difficult 
por- 
tions that 
are 
handled 
by the application-specific 
PLD 


include the burst 
logic and timing control with all of their 


state 
tables, 
timing 
analysis, 
and logic design. 
The pro- 


grammable 
logic implements 
flexible 
address 
decode 


and complete 
wait-state 
coverage. 
The 80960KB's 
burst-mode 
bus and high-performance 


RISC 
architecture 
make 
system 
designs 
efficient 
in 


terms of size and space. But linking the chip with periph- 
eral devices, such as memory 
or I/O devices, can require 


a fair amount 
of circuitry. 
Some portions 
of the interface 


vary little from one application 
to another, 
while other 


parts 
are customized 
according 
to the application. 
De- 


signing 
this type of interface 
can be difficult 
and time 


consuming. 
The basic 80960KB interface 
circuitry 
is composed 
of 


several 
discrete 
sections, 
including 
address 
latching, 
ad- 


dress decode, data transceivers, 
burst 
bus-control 
logic, 


wait-state 
generation 
and Clock/Reset 
synchronization 


(Fig. 1). The application-independent 
sections-address 


latching, 
data 
buffering, 
Clock/Reset 
synchronization, 


and burst 
bus-control 
logic-require 
high-performance, 


high-integration 
logic. These portions 
won't 
necessarily 


be affected 
by peripheral 
changes 
or other customization 


and fine tuning 
of the system. 
The address-latch 
portion 


calls for four byte-wide 
flow-through 
latches 
and an in- 


verter 
for ALE (Address 
Latch Enable). 


The circuitry 
for the Clock/Reset 
synchronization 
con- 


sists 
of several 
discrete 
high-speed 
logic devices 
and 


should 
have sufficient 
drive to supply 
all of the neces- 


sary clocking 
and reset pulses. 
Burst 
logic decodes 
bus- 


cycle information 
and offers 
addressing, 
burst 
cycle sta- 


tus, and other information 
-to assist 
the rest of the inter- 


face in handling 
burst 
Read/Write 
accesses. 
The remainder 
of the interface 
is application-specific. 


This portion includes Address 
Decode (or Chip Select De- 


code), wait-state 
generation, 
and optional 
circuit.!:L.!Q 


create 
such 
signals 
as WCLK 
(Write 
Clock) and Blast 


(Burst Last), which is used by burst-mode 
memories. 
The 


Subsequent 
reads 


Flash 
BurstEPROM 
SRAM 
I/O 
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1. 
THE BASIC 80960KB RISC-PROCESSOR interf •• e consists 
of 
application'independent 
and application-dependent 
sections. 
Portions 
that remain the same 
regardless 
of the application 
include address latching, 
data buffering, 
Clock/Reset 


synchroniution, 
and burst bus;:ontrollogic. 


address 
decoder, 
which 
is 
pro- 
g-rammed 
to fit designers' 
memory 
maps, 
supplies 
latched 
Chip Selects 
to the 
various 
peripheral 
circuits. 
The wait-state 
generator 
reads 
the 
Chip Selects 
to determine 
which wait 
state 
count 
value 
to use, 
and then 
looks for a "g-o" signal 
from the bus 
state 
tracker 
to begin counting 
out 


wait 
states. 
Blast 
and 
WCLK 
are 
generated 
by way of state 
machines 
that work closely with the burst-con- 
trollog-ic. 


TRADE-OFFS AND PITFALLS 


Desig-llers 
must 
balance 
several 


trade-offs 
affecting 
the interface 
cir- 
cuitry 
that 
ties 
the 80960KB 
RISC 
processor 
to its peripheral 
devices. 


The address 
decoder, 
for example, 


I 
E 
LEe 
T 
RON 
leD 
E 


.Ii\Nlll\HY~:-).I!I!MI 


must be flexible enoug-h to fit design- 
ers' 
memory 
maps, 
ami it must 
be 


fast enough 
to select the peripherals 


without 
adding 
to the peripheral 
ac- 
cess time. If the decoder 
is placed af- 
ter the address 
latches, 
the timing 


path 
would 
include 
a clock to ALE 


(T•.••), latch delay, 
decode 
delay, 
pe- 


ripheral-access 
time, data-transceiv- 


er delay, and setup 
time to the sam- 


pling 
edge 
in the 
data 
state 
(Teo) 
(Fig. 
2a). The cumulative 
delay 
of 
T.\('" equals 
four 
CLK2 periods 
mi- 
nus T•.••and TslI• In a 20-MHz system 
with 
zero 
wait 
states, 
this 
would 


mean a period of 100 ns minus 23 ns, 
leaving no more than 77 ns for latch, 
decode, peripheral 
access, and trans- 


ceiver delays. 
The wait-state 
generator 
also in- 


S 
I 
G 
N 


volves some trade-offs: 
compactness 


and complexity. 
The wait-state 
gen- 
erator 
should 
cover all of the possi- 


ble wait-state 
requirements 
for the 
"larious 
peripherals, 
which 
include 
differentiating 
between 
read 
and 
write accesses, 
and first 
and subse- 
quent 
accesses 
within a burst 
trans- 


fer. The amount 
of logic needed 
to 
supply 
comprehensive 
wait-state 
coverage 
depends 
on the application. 


A single-PLD 
counter 
alone can han- 


Jle only a few wait-state 
count 
val- 


ues. Another 
approach 
would 
be to 


have 
individual 
PLD 
wait-state 
counters 
associated 
with 
each 
pe- 


ripheral. 
Each 
wait-state 
counter's 


output 
would feed a main ready gen- 
erator. 


Nevertheless, 
only 
three 
clock 
edges are encountered 
from address 


time to the end of a data or wait state. 
The circuitry 
must decode peripheral 
selects, 
load in the correct 
wait-state 
count value, count down, and return 
a ready/not 
ready 
indication 
before 


the setup 
to the sampling 
clock edge 
(Fig.2b). 


Generation 
of the Blast signal 
for 


burst 
memories 
is rather 
tricky 
be- 
cause 
the signal 
must 
occur during 
the data 
state 
of the last 
transfer. 


The circuitry 
controlling 
this signal 


must 
read the burst-progress 
infor- 


mation 
from the burst-logic 
section, 
and then assert 
Blast during 
the data 
state. 
The 
only 
way 
to determine 


whether 
the current 
state 
will be a 


data 
state 
or a wait state 
is to look 
ahead at the ready generator 
and an- 


ticipate its assertion 
by one CLK2 cy- 
cle (Fig. 2c). 


WCLK must be qualified 
with the 


Latched 
Byte Enables 
to write to in- 


dividual 
bytes 
of 
static 
RAM 
(SRAM). 
Because 
this 
will 
delay 


WCLK 
to some 
degree, 
it's 
neces- 
sary 
to delay 
At and A" relative 
to 


WCLK to achieve a correct 
timing re- 


lationship 
between 
those 
signals 


(Fig.2d). 


The heart 
of the interface 
is the 


burst-logic 
section. 
It consists 
of sev- 
eral 
counters 
and 
state 
machines, 


which include the burst-size 
counter, 


• 


the address 
counter 
(A, and A,,), and 
the Blast generator. 
The burst 
logic 


must sense 
the beginning 
of a burst 
access, 
load 
the 
burst-size 
down- 


counter 
from 
local 
address 
lines 
LAD" and LAD " and store the initial 
low-order 
address 
values 
that 
were 
read from LAD" and LAD" in the ad- 
dress counter. 
As each 
transfer 
is completed- 


signaled 
by the assertion 
of RDY- 


the burst-logic 
circuitry 
increments 
the address 
counter, 
decrements 
the 
burst-size 
counter, 
and 
determines 
whether 
additional 
transfers 
remain 


in the burst 
access. If there are more 
burst 
transfers 
in the current 
burst 


cycle, 
the 
burst 
logic 
signals 
the 
wait-state 
generator 
and the other 


state 
machines 
to proceed 
with an- 
other transfer. 


To further 
complicate 
matters, 


these 
counters 
and 
state 
machines 
must 
be made codependent 
on each 


other 
and the rest 
of the interface. 
Designers 
must 
carefully 
plan each 


element 
in the burst logic, keeping 
in 


mind the states 
and timings 
of sig- 


nals from 
the other 
portions 
of the 


interface. 


PROGRAMMABLE LOGIC 


Interface 
circuitry 
is typically 
im- 


plemented 
in fast 
discrete 
TTL de- 


vices and bipolar programmable-log- 
ic devices. 
When using TTL and pro- 


grammable 
logic, 
most 
designers 
break 
the circuit 
into discrete 
gates 
whenever 
possible. The remainder 
of 


the circuit 
is described 
in terms 
of 


registered 
functions 
or 
state 
ma- 


chines. 


Most 
of the 
application-indepen- 


dent 
areas 
of the 
interface 
can be 


handled 
by high-speed 
TTL. The ad- 


dress 
latches 
and data 
transceivers 


would most likely be constructed 
of 


fast TTL devices, such as the 74F373 
and 74F245, respectively, 
along with 


a 74FOOthat would be used to invert 
ALE. A 74F138 could generate 
Chip 
Selects by decoding 
the latched 
high- 


order 
addresses. 
Several 
fast 
logic 
gates 
and registers 
could generate 


the 
full-speed 
and 
half-speed 
clock 
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signals 
to synchronize 
Reset, 
and to 


supply these and other 
synchroniza- 
tion signals 
to the rest of the system 


as needed. 


The remainder 
of the interface 
can 


be designed 
with high-speed, 
bipolar 
programmable 
logic. Depending 
on 


the 
application's 
needs, 
the 
burst 
logic 
may 
be contained 
within 
one 


high-speed 
PLD. The number 
of reg- 
isters 
and 
combinatorial 
outputs 


needed 
to produce 
the counters 
and 


state machines 
within the burst 
logic 
may 
exceed 
the 
resources 
of 
one 


PLD. The timing-control 
portion, 
in- 


cluding the wait-state 
generator 
and 


the WCLK generator, 
can be imple- 


mented 
in many different 
ways. 
De- 


pending 
on the 
level 
of wait-state 


coverage 
needed, 
the 
number 
of 


PLDs required 
to perform 
this func- 
tion can range from one to more than 
seven devices. 
One 
middle-of-the-road 
way 
to 


handle 
the 
wait-state 
generator 


would be to have a main RDY- and 
WCLK-generator 
PLD that's 
fed by 


individual 
PLDs, one for each periph- 


:~ 
BiiSl 


BlaSt precedes ROY 
leI 


T, 


T 
Extra delay equals 


DLY 
SRAM setup time plus 


Byte Enable qualifier cin:uit delay 


1 


2. 
THE TIMING RELATIONSHIPS 
between the inlerrace 
signals 
are critical 
la, b, c, d). For example, 
the inlerface 
circuit 
must decode peripheral 
selects, load in the 


correct 
wait-stale 
count value, count down, and return 
a ready/not 
ready indication 
before 


the setup to the sampling 
clock edge. 
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AO..., 


ADS 


DEN 


ClKl 


Reset1 


3, 
BOTH HARD LOG Ie and programmable 
resources 
are offered in one package 


with Intel's 85C960 PLD. It's an application-speeiric 
part designed 
10 perform 
many of the 


80960KB processor's 
interface 
functions. 


RDY generator 
is just a pre-loadable 
down-counter 
with additional 
start, 
stop, 
and 
reset 
logic. 
By fully 
de- 
scribing 
the burst 
logic and timing 
control 
as a set of linked state 
ma- 
chines, designers 
can determine 
the 
amount 
of PLD 
resources 
I)eeded. 
The state-machine 
descriptions 
are 
translated 
into 
PLD 
source 
lan- 


guage, 
either 
directly 
into state-ma- 
chine or other 
high-level 
format, 
or 


as minimized 
Boolean equations. 


era!. 
As a peripheral 
Chip Select 
is 


generated, 
a corresponding 
PLD is 
activated 
and sends 
an appropriate 
wait-state 
count 
value 
to the 
main 


RDY 
generator 
programmable-ar- 
ray 
logic 
(PAL). 
That 
PAL 
then 


counts 
down 
from 
the 
value 
it re- 


ceived and asserts 
RDY at the end of 


the count. Each individual 
PLD could 


then 
distinguish 
between 
first 
and 


subsequent 
accesses 
within a burst, 


and between 
read and write access- 


es. With 
this 
information, 
the 
pro- 


grammable-logic 
device 
could 
fur- 
PARTITIONING 


nish a proper 
wait-state 
value. 
Designers 
then 
partition 
the 
de- 


The easiest 
way to create the burst 
sign to fit into the available 
PLD re- 


logic is to determine 
the various 
ele- 
sources 
and 
create 
simulation 
vec- 


ments-the 
burst-size 
counter 
and 
tors to test the design's 
individual 
el- 
bus-state 
tracker, 
the 
address 
ements. 
The next step is to compile 


counter, 
and 
the 
burst-control 
log- 
and 
simulate 
the 
resulting 
source 
ic-and 
describe 
each 
element 
in 
files, which are programmed 
into the 
terms of state diagrams. 
The proces- 
PLDs after 
debugging. 


sor-bus states 
must be understood 
to 
One major disadvantage 
of this so- 
properly 
design 
the bus-state 
track- 
lution is the address 
decode's 
inflexi- 


er and relate 
it to the other state 
ma- 
bility. The Chip Selects generated 
by 


chines. 
The 
timing-control 
portion 
the hard-logic 
device don't allow for 


consists 
of individual 
programma- 
easy 
restructuring 
of the 
memory 


ble-Iogic devices that handle the vari- 
map when additional 
memory 
is add- 


ous 
wait-state 
counts, 
and 
a main 
ed or existing 
mapping 
is swapped. 


RDY down-counter 
PLD, which also 
The inflexibility, 
combined 
with the 


creates 
WCLK. 
tedium 
of 
designing 
the 
counters 
This 
80960KB-based 
design 
re- 
and state 
machines, 
partitioning 
all 


quires the WCLK generator 
to be de- 
of that 
logic into the available 
PLD 


scribed as a state 
machine, 
while the 
resources, 
and trying 
to end up with 
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a compact, 
low-power 
solution, 
cre- 


ates lots of extra time and effort 
that 
could be spent improving 
the system 


in other areas. 


Intel's 
85C960 
PLD 
is 
an 
ad- 
vanced, 
CMOS, 
application-specific 
PLD that performs 
the major 
inter- 


face 
functions 
for 
80960KA/KB- 


based 
systems. 
This 
PLD 
doesn't 


perform 
the entire 
80960KA/KB 
in- 


terface, 
but it contains 
select decode, 


timing control, and burst 
logic in one 


28-pin package. 
The 85C960 PLD was 


designed 
to deliver 
high-perfor- 


mance control 
for burst 
cycles with- 


out 
sacrificing 
configurability. 
Ap- 


plication-specific 
PLDs 
are the only 


programmable 
devices 
that 
offer 


high-performance, 
high-integration 


logic with 
a satisfactory 
degree 
of 


flexibility. 


The chip contains 
an eight-input, 


eight-output 
(four external) 
address 


decoder (Fig. 3). Each output 
is inde- 


pendently 
configurable 
to respond 
to 


any address 
condition 
and is latched 


by an internally 
generated 
Latch En- 


able. In addition 
to having 
the flexi- 


bility of complete 
programmability, 


the address 
decoder 
generates 
the 


Chip Selects 
as fast as 10 ns after 
it 


receives 
valid addresses. 


The PLD also has a programmable 


wait-state 
generator 
with a compre- 


hensive-lookup 
table. There are four 


wait-state 
values 
associated 
with 


each Chip Select. 
When 
a given 
se- 


lect is asserted, 
one of the four val- 


ues associated 
with that Chip Select 


is loaded into the wait-state 
counter. 


The value 
depends 
on whether 
the 


current 
access 
is the first or second 


through 
fourth 
in a burst, 
and 


whether 
it's a Read 
or Write. 
This 


supplies 
the complexity 
to cover any 


wait-state 
requirement 
for each pe- 


ripheral 
addressed 
by the PLD with- 


out the need for vast amounts 
of indi- 
vidual logic devices. 


The burst 
logic is also on the chip. 


This 
incorporates 
the 
bus-state 


tracker, 
address 
cycling, 
and other 


timing-control 
logic, such as WCLK, 


and Blast. During 
a burst 
access, the 


bus-state 
tracker 
generates 
an inter- 


• 
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nal Address Latch Enable for the 
Chip Select decoder, and loads the 
wait-state generator with the appro- 
priate count value. The tracker reads 
the low address inputs for burst size 
and starting address, then places A~ 
and A3 out on the address bus. Dur- 
ing the burst, it keeps track of how 
many accesses remain in the burst, 
cycles A~and A3, strobes WCLK ap- 
propriately, recycles the wait-state 
generator, 
and asserts Blast while 
the last access is occurring. 


BURST LOGIC 


One great 
advantage 
of the 
85C960PLD is that the burst logic is 
already in place and tested by the 
factory. The hassles of designing the 
discrete solution with all of the state 
machines, equations, timing interde- 
pendencies, and logic partitioning 
are eliminated. 
The PLD's RDY pin is an open- 
drain driver. During accesses when 
the PLD isn't generating a Chip Se- 


le'ctDecode, it will read the RDYpin 
as an input and cycle the burst logic 
appropriately 
to produce valid A~, 
A3, and WCLK timing. Az and A3, 
which have high-output CMOSdriv- 
ers that can drive a large memory ar- 
ray, are timed with WCLK to make it 
possible for WCLK to be qualified 
with Latched Byte Enables by way 
of external circuitry. 


An example of an embedded-con- 
trol system using the 80960KBRISC 
processor is a control system for a 


( 
85C960 PlD~,{ 
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ROY 
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ROY 
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4. REMOTE WEATHER MONITORING is performed 
by this embedded system built with the 80960KB processor, 
memory, 
and 
I/O devices. A PLD implements 
the interface 
between the processor 
and other elements. 


I 
E 
LEe 
T 
RON 
leD 
E 
S 
I 
G 
N 
JANUARY 
25,1990 


remote 
weather 
monitoring 
unit 
(Fig. 4). The unit might be placed in 
far-flung locations to monitor weath- 
er conditions, perform 
high-speed 
calculations, and then quickly return 
digested data to the main weather 
station. 
The weather monitoring unit fea- 
tures a video-display-terminal inter- 
face, a serial microwave-transmitter 
link, and sensor interfaces. This type 
of system could operate continually 
in various climate conditions, and 
perhaps for long periods on backup 
power. As a result, the system would 
need highly reliable, low-power com- 
ponents. Because the unit is in a re- 
mote site, it would be checked for 
routine maintenance 
perhaps only 
twice a year. It should have some 
way of receiving new instruction 
code over the microwave link and 
storing the code in nonvolatile mem- 
ory. If a hardware failure is detect- 
ed, the single embedded-controller 
board could be removed and replaced 
in minutes. 
The unit 
is built 
around 
the 
80960KB embedded-control system 
with memory and I/O devices. Burst 
EPROM takes full advantage of the 
speed and width of the processor's 
burst bus. Flash memory is used for 
nonvolatile data storage and for up- 
datable-code 
space. 
A 
certain 


amount of SRAM is needed by the 
processor for stack and scratch-pad 
memory. And with the I/O ports, the 
embedded controller can communi- 
cate with the various weather sen- 
sors, the video-terminal link, and the 
microwave transceiver. 


DESIGNING THE INTERFACE 


The processor is interfaced to the 
four peripheral subsystems by way 
of the PLD and the other circuitry. 
The local address/data 
bus runs 


through a set of TTL transceivers to 
the system data bus, and through 
TTL latches to feed the system ad- 
dress bus. Byte Enable signals are 
latched in a high-speed PLD and 
routed to the peripherals that need 
them. The processor supplies the re- 
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mainder of the interface, which in- 
cludes the address 
decode, wait- 
state 
generation, 
burst 
control, 


WCLK, and Blast generation. 


The local (unlatched) 
address/ 


data lines, LAD31_Z4 and LAD3-o,are 
brought into the PLD along with the 
processor's 
bus-control 
signals 
ADS, 
DEN, 
CLK2_(high-speed 


clock), Reset, and W/R. RDY is ter- 
minated with a pull-up/pull-down 
network, and feeds the processor's 
Ready input as well as the Byte En- 
able latch. Tofacilitate burst control, 
non-burst peripherals receive Azand 
A3 from the PLD rather than from 
the address latches. W/R from the 
processor ties directly to the Output 
Enable inputs for all of the peripher- 
als, and WCLK from the PLD feeds 
the Write Enable lines for the peri- 
pherals that require a Write clock. 
Blast runs from the PLD to the 
burst-EPROM 
bank, 
along 
with 
ADS and CLK2. 
According to the system-memory 
map, the burst EPROM is located at 
the bottom of memory for boot up 
(Fig. 5). Flash memory is located 
higher up, followed by SRAM. To al- 
lowfor expansion, a large open space 
follows SRAM. The I/O ports are lo- 
cated at the very top locations of 
memory. 
The wait-state values for all of the 
peripherals vary under the different 
burst-transfer conditions (see the ta- 
ble). Note that burst EPROM needs 
one wait state for initial reads, but 
needs no wait states for successive 
reads. Flash memory, with a 135-ns 
access time, requires two wait states 
for either reads or writes. Writing to 
the flash memories is accomplished 
by performing a command-data algo- 
rithm of writes and reads. 


DESIGN CONSIDERATIONS 
There are several important items 
to consider when designing with the 
85C960 PLD. Standard 
CMOS-de- 
sign practices should be observed, 
such as a healthy bypass capacitor of 
at least O.2I-'Fplaced as close as pos- 
sible to the Vcc pin. Any unused in- 


S 
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N 


puts should be tied low to avoid high- 
power consumption. During normal 
operation, Vcc must be ramped up to 
full voltage before any inputs begin 
to toggle, otherwise the device may 
enter an unknown state. 


The timing of Reset versus CLK2 


is critical. The 85C960PLD relies on 
an internally generated clock signal 
which should be in phase with the 
bus clock. The first rising edge of 
CLK2 after Reset falls is considered 
by the PLD to be the "a" edge-the 


I/Oports 


Open 


SRAM 


Flash 


Open 


BurslEPlIOM 


0500ססoo 


0400ססoo 


0200ססoo 


01000000 


ססooססoo 


EPROMCS= !A" • !A", • !A,. • !A,. • !An • !A,. 
'!A,,' 
!A" 


FlASHCS= !A" • !A,. • !A,. • !A,. • !An • !A,. • A" 


SRAMCS= !A" • !A", • !A,. • !A,. • !An • A,. 


'!A,,' 
!A" 


IOCS= A" • A", • A,. • A,. • An • A,. • A.sA" 
1 


5. 
THE SYSTEM memory map 


illustrates that the burst EPROMis 
located at the bottom of the memory for 
system boot up. The equations are 
derived from the address locations 
shown. 


PLD will time all of the inputs and 
outputs with this reference. Reset 
timing is consistent with the timing 
specification for the 80960KB pro- 
cessor. 
Though the 85C960 PLD decodes 


eight ChipSelects, only four of them 
are routed externally. This might be 
troublesome for systems which have 
five or more peripherals. The easiest 
way to work around this is through 
the use of an additional, external ad- 


• 


dress 
decoder, such as the Intel 


85C508 programmable-address 
de- 
coder. The external decoder could be 
programmed to supply Chip Selects 
in the ranges that shadow those giv- 
en by one or more of the PLD's bur- 
ied Chip Selects. This would make it 
possible for the PLD to continue to 
supply bus control for those peri- 
pherals as well. System designers 
should take note that the PLD Chip 
Selects are decoded with one product 
term. This affects the mapping of 
peripherals such that while any ad- 
dress range within the scope of the 
eight inputs may be decoded, very 
complex mapping schemes may be 
impossible. 


PULirUP 
The I/O pin RDY must be termi- 
nated in close proximity to the pro- 
cessor using the pull-up/pull-down 
network listed in the data sheet, un- 
less loading on this net requires a 
heavier pull-up. The pull-up deter- 
mines the ramp-up rate of the RDY 
net. If the pull-up is too light or a ca- 
pacitive load is too heavy on the RDY 
net, RDYmay rise too slowly and not 
meet the processor specification on 
RDY setup. Any other wait-state 
generators 
driving 
the RDY net 


must do so by way of the open-drain 
drivers to avoid contention with the 
PLD. 
Although the burst logic is cycled 


appropriately when the 85C960PLD 
isn't generating 
the Chip Select or 
RDY signal, Blast doesn't get pro- 
duced in these circumstances. This is 
due to the timing relationshi~ 
tween Blast and the sampled RDY 
input (Fig. 2c, again). Blast must be 
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asserted at the start of the last data 
state, and RDYisn't necessarily val- 
id until close to the end of the last 
data state. 
However, because the 
PLD will produce Blast during ac- 
cesses for which it decodes Chip Se- 
lects, designers merely need to en- 
sure that the PLD decodes the Chip 
Selects for the burst memory. 


The only portions of the 85C960 


PLD that need configuration are the 
address decoder and the wait-state 
lookup table. The address decoder 
reads the eight address inputs, latch- 
es them, and decodes the address 
range according to the equation pro- 
grammed in the product term of each 
individual Chip Select output. The 
Chip Selects then help determine 
lookup table will be loaded into the 
RDYcounter. 


The Chip Select decode equations 
must be created first. In the example 
design, the ChipSelect equations can 
be translated from the information 
given in the memory map (Fig. 5, 
again). Because eight address lines 
are brought into the Chip Select de- 
coder, using the most significant 
eight 
address 
signals 
from 
the 
80960KB processor allows for the 
widest range decode. 


DERIVING EQUATIONS 


The equations are derived by tak- 
ing the product of the true, or the 
complement, of the address 
lines 
that must decode a given block of 
memory. 
For 
instance, 
burst 
EPROM 
begins 
at 
address 
OOOOOOOOh. 
The most significant byte 
is 00, meaning that the upper ad- 
dresses-LAD"l-2.-would 
be 
OOOOOOOOb. 
This produces the equa- 


tion labeled EPROMCS. The memo- 
ry block for flash memory requires 
twice the decode range 
than the 


burst EPROM block. Because the 
PLD is limited to one product term 
per output, the flash-memory block 
begins at a location following an 
open space after the burst-EPROM 
block. The equation decoding flash 
memory (FLASHCS) disregards the 
lowest of the incoming address lines. 


The wait states for each peripheral 


are derived by determining the ac- 
cess-time requirements for each de- 
vice and comparing that against the 
allowable time during each transfer 
state. Suppose, for example, that the 
allowable access time (including the 
decode, latch, and transceiver 
de- 


lays) for zero wait states is 55 ns. If 
the access time of the SRAM used in 
this design is 60 ns, at least one wait 
state would be required. An addition- 
al 50 ns are gained by the one wait 
state, making it possible for the use 
of up to lO5-nsSRAMs. 


The burst EPROM needs one wait 


state for address setup on the initial 
read' access. However, subsequent 
reads during a burst transfer aren't 
required to setup addresses to the 
device because that's taken care of 
internally. Therefore, there are zero 
wait states in the subsequent burst 
transfers. The numbers for the rest 
of the peripherals 
are determined 


similarly.D 


Thom Bowns, 
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support 
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the programmable 


logic group at Intel Corp., has an 
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Programmable AND/ 
Allocatable OR Based EPLD 
Addresses the Needs of 
Complex Combinational and 
Sequential Designs 


by Todd K. Koelling 
Applications 
Engineer 


Matching 
programmable 
logic 
applications 
with 
programmable 
logic devices 
has become 
a difficult 
task. Increasing 
demands 
for 
higher integration, 
higher performance 
and lower cost continue 
to 
drive system design engineers 
on to new technologies. 
The pro- 


grammable 
logic industry 
has adeptly 
responded 
by supplying 
a 
wide variety of devices. At times, however, 
it is hard to differen- 


tiate these 
devices 
and to determine 
which makes 
the best solu- 


tion for a particular 
application. 


In a small way, this pape~ will attempt 
to differentiate 
devices 


and 
to determine 
which 
devices 
make 
the 
best 
solutions 
for 


groups of applications. 
This task will be accomplished 
by taking a 


general 
look at applications, 
the history of PLD arrays and a new 
device which solves several design problems. 


College 
textbooks 
[1] on digital 
design 
teach 
that 
fundamentally 
there 
are 
only 
two 
types 
of 
applications: 
combinational 
and 


sequential. 
A combinational 
circuit 
generates 
outputs 
based 
on 
the 
immediate 
status 
of a group 
of inputs. 
A sequential 
circuit 
uses some mechanism 
to store data before generating 
the next set 


of outputs. 


Inside combinational 
and sequential 
circuits 
are two fundamen- 


tal elements: 
gates and registers. 
Gates 
are the prime component 


of combinational 
circuits where 
the output 
is an immediate 
func- 
tion of the input. 
Registers 
are the static storage 
element 
added 
in sequential 
circuits 
to latch and hold data until the next cycle. 


Figure 
1 displays 
gates 
and 
registers 
graphically. 
The 
coordi- 


nates 
measure 
registers 
along 
the 
x-axis 
and 
gates 
along 
the 


y-axis. In this space, 
any combinational 
or sequential 
application 


can be displayed. 


Figure 1. Gate/Register 
Coordinates 


Common 
ITL 
functions 
are easily graphed. 
Figure 
2 displays 
a 


comparator, 
storage 
register, 
shift register 
and counter. 
The com- 
parator 
is a combinational 
circuit 
(purely 
gates) 
and hence 
lies 


along the gate 
axis. The 
storage 
register, 
on the other 
hand, 
is 


purely 
flip-flops 
and hence 
lies along the register 
axis. The shift 


register 
is primarily 
flip-flops - placing 
it close 
to 
the 
storage 


register- 
but it includes 
some 
gate logic, thus 
moving it up the 


gate axis. The counter 
is a good example 
of a function 
that 
lies 


somewhere 
in-between 
the two axes. The counter 
must 
store 
its 


current 
state, and thus leans heavily upon the registers, 
but it also 


uses a significant 
amount 
of gate logic to generate 
the next count 


state. The inclination 
toward 
the gate or register 
axis depends 
on 
the features 
the counter 
incorporates. 
Up and down count 
oper- 


ation, 
clear 
and preload 
functions, 
and count 
enable/disable 
cir- 
cuitry, all move the counter 
increasingly 
toward the gate axis. The 


magnitude 
of the counter 
(as with the other 
functions) 
depends 


on the number 
of bit and features 
it includes. 
That is, a 16-bit 
counter is twice as large as an 8-bit counter which is twice as large 
as a 4-bit counter, 
provided the feature 
set remains the same. 


Having 
examined 
functions, 
it is easy 
to examine 
complete 
designs. Each design can be decomposed 
into a group of function 
blocks. This 
is basically 
the 
undoing 
of the design process 
in 
which functions 
are grouped 
together 
to meet some high-level 
purpose. 
If all the functions 
for a design are added 
together, 
a 
vector for the complete 
design is formed (Figure 3). Now, rather 
than just a MAGNITUDE 
(size), a DIREcnON 
is also available 
for each design. 


With designs defined and considered, 
it is useful to take a step 
back and once again look at the gate-register 
coordinate 
system. 
Any design that lands in the upper third of the coordinate 
system 
consists primarily of gates and thereby can be considered 
"highly 
combinational." 
Any design that lands in the lower third of the 
coordinate 
system can be considered 
as "highly registered" 
or 


"register 
intensive." 
Examples 
of this include data transfer 
and 
data 
storage 
applications. 
Any design that 
lands 
in the center 
third of the coordinate 
system represents 
a healthy 
mix of both 
gates and registers. This means it is probably a state machine or 
some 
sort 
of sequential 
application. 
Hence, 
the 
middle 
third 
region will be called 
the "state 
machine" 
region, 
though 
some 
state machines may land in the other two regions. The coordinate 
system with the three regions segmented 
and labelled is shown in 
Figure 4. 


Through 
the years, programmable 
logic devices have evolved by 
trying to meet the needs of combinational 
and sequential 
applica- 
tions. This has been 
accomplished 
through 
higher 
integration, 
higher flexibility and higher performance 
and has resulted 
in the 
myriad of PLDs available today. Though the features 
have varied 
and expanded 
immensely, 
the core of the programmable 
logic 
device has remained virtually the same. It is this core - the imple- 
mentation 
of the combinational 
logic array-which 
deserves 
a 
closer look. 


Programmable 
logic first appeared 
in 1975 with the introduction 


of the Field Programmable 
Logic Array 
(FPLA). 
With its pro- 


grammable 
AND/programmable 
OR 
array, 
the 
FPLA 
was 


extraordinarily 
powerful for integrating 
combinational 
logic. Reg- 


isters were later added to the FPLA outputs, 
creating 
the Field 


Programmable 
Logic 
Sequencer 
(FPLS). 
This 
device 
better 


attacked 
the needs of sequential 
applications. 


In 1978, the FPLA was honed 
to a programmable 
AND/fixed 


OR array with the introduction 
of the PAL [2J device. Due to its 


ease 
of design 
and 
CAD 
tool 
support, 
the 
Boolean 
sum-<>f- 


products 
part quickly became 
the designer's 
choice. In addition, 


the PAL included registered 
versions with registered 
outputs 
and 


registered 
feedback. 
These two attributes 
made the devices ideal 


for state machines. 


In 
essence, 
the 
last 
array 
architecture, 
fixed 
ANDI 


programmable 
OR, has been around 
for many years in the form 


of the PROM 
and other 
PROM-based 
logic devices. 
It wasn't 


until 1984, however, that the SRAM-based 
LCA introduced 
the 


fixed AND/programmable 
OR array to the designer in an expedi- 


ent form. Due to its large number of registers per device (122 or 
more), the LCA has provided an excellent programmable 
solution 


for register-intensive 
applications. 


Returning 
to the application 
graph developed 
earlier, each archi- 


tecture 
and device is displayed 
(Figure 
5). The 
combinational 


power and flexibility of the programmable 
AND/programmable 
OR architecture 
places the PLA and PLS devices in the highly 


combinational 
region. 


The registered 
output 
with registered 
feedback 
PALs are opti- 


mum for state machines while some PAls, 
such as the 22VlO, are 
geared to provide a large amount of combinational 
logic per reg- 
ister. Thus, most of the registered 
PALs fit in the state machine 
region, while a few, like the 22VI0, move up into the highly com- 
binational 
region. 
(Logic PALs such as the 16LS and 20LS fit 


along the y-axis as they are purely gates.) 


Architecturally, 
most EPLDs 
and EEPLDs 
have followed the 
track set by the PAL. They have added higher input and output 
flexibility, higher integration, 
and other worthwhile 
features, 
but 


the core of the architecture 
has remained 
the same - the pro- 


grammable 
AND/fIxed OR array. Thus the EPLD and EEPLD fit 


the same application 
regions as the PAL. 


The highly registered 
region is best covered by the LCA where 


its high register count and fast toggle rates are well utilized. 


Where will the next innovation 
be? The answer may not be in 


an innovation, 
but in a very practical advancement 
from Intel in 


1988. 


Via a novel product 
term allocation 
[3] scheme, the best of the 


PLA and the PAL have been married into a single device. In the 
programmable 
AND/allocatable 
OR 
array 
architecture, 
each 


macrocell 
output 
can have anywhere 
from 0 to 16 AND 
terms 


allocated to its OR gate in increments 
of four. In this manner it is 


very similar to the PLA with its OR input flexibility, yet it retains 
the Boolean sum-of-products 
architecture 
used in the PAL which 


offers easy design entry and optimized 
CAD tools for minimiza- 


tion and fitting. The net result is a novel approach 
for efficiently 
addressing 
the needs of complex combinational 
as well as sequen- 


tial applications. 


Figure 6 displays a macrocell of the 24-pin, 12 macrocell 5AC312. 
Each macrocell 
contains 
eight product 
terms grouped 
into two 


blocks of four. Each block has its own control switch that allows it 
to be retained 
by the macrocell 
or lent to a neighbor. 
Likewise, 


each macrocell 
can ignore or borrow 
a block from each of its 


neighbors. With two neighbors for each macrocell, each macrocell 
can have a total of 0, 4, 8, 12 or 16 p-terms 
allocated 
to· its OR 


gate. This allows the device to shift resources 
toward those equa- 


tions that 
require 
a high number 
of p-term 
inputs 
away from 


those that do not. 


Figure 7 shows the 5AC312 pinout for the micro channel decode 
logic on a PS/2 (4) Ethernet 
[5] adapter. 
Based on the address 


lines, micro channel bus cycle signals, and POS/command 
register 


inputs, 
the 
5AC312 
generates 
the 
card 
select 
feedback 


(CDSFDBK#) 
and card data size 16 (CDDSI6#) 
return 
signals 


for the micro channel. 
It also generates 
an asynchronous 
board 


select 
signal 
(ABDSEL#) 
that 
feeds 
an on-board 
arbiter. 
As 


memory is shared between the PS/2 motherboard 
and the adapter 


82586 LAN coprocessor, 
the equations 
for all three of these out- 


puts become quite complex (Figure 8). 


Even 
after 
processing 
the 
equations 
through 
the 
industry- 
standard 
Espresso 
(6) minimizer 
employed 
by the 
Intel 
Logic 


Optimizing 
Compiler 
(LOC), 
the nested 
equations 
in Figure 
8 


expand out into the minimized equations 
in Figure 9. The board 
select, card select feedback, 
and data size 16 signals are 15, 14 


and 14 product 
terms, respectively. This is not a problem for the 


5AC312, however, as the LOC software 
automatically 
allocates 


the device's resources to four, four p-terrn blocks for each signal. 
The three equations 
use a total of 12 out of the 24 four p-terrn 


blocks available in the device-50% 
of its combinational 
capacity. 


Though 
not used in this application, 
since the CDSFDBK#, 


CDDSI6#, 
and ABDSEL# 
are all driven off unlatched 
address 


decodes, 
another 
feature which makes the 5AC312 attractive 
for 


address decoding and bus interfacing 
is its latched input capabil- 


ity. On the IBM PC/AT [7] bus, for example, the upper 
address 


lines (LAI7-23), 
may need to be latched with the active edge of 


the bus address 
latch enable 
(BALE). 
Elsewhere 
in the micro 


channel interface, 
latching the address and status signals may be 


useful as both will go invalid about halfway through the command 
(CMD#) 
cycle. The 5AC312 is capable 
of latching up to eight 


inputs, each of which can be enabled individually or by the global 
latch enable. 


The decode design could be implemented 
in a PLA or a 22VlO, 


but the 5AC312 offers more strength 
over the PLA and more 


flexibility over the 22VI0. Even with 32 and 48 p-terrns feeding 
the programmable 
OR gates, most 24-pin PLAs would have trou- 


ble fitting these equations. 
With its fixed allocation 
architecture 
of 8, 10, 12, 14 and 16 p-terrns, the 22VI0 offers p-terrn resources 
comparable 
to those of the 5AC312 and can handle the equations. 


With configurable 
p-term allocation, 
however, the 5AC312 offers 


a more 
flexible solution. 
In cases where 
latching 
needs 
to be 


done, the address 
latching must be done external 
to the 22VlO 
since it does not have the ability to directly 
latCh inputs. 
This 


impacts both board space and perforrnance 
in a negative fashion. 
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In addition 
to the allocatable 
OR architecture, 
the 5AC312 offers 
a host of other 
enhancements: 
separate 
register 
and pin feedback 
paths, 
register 
preset, 
and two product 
terms on clock, clear, pre- 
set and output 
enable 
control 
lines (Figure 
6). These 
features, 
on 
top of the programmable 
ANO!allocatable 
OR 
array, 
make 
the 
5AC312 
ideally suited 
for complex 
sequential 
designs. 


Though 
not a state machine, 
the programmable 
baud 
rate gen- 
erator 
circuitry 
for 
the 
Intel 
8251 
Universal 
Synchronous! 


Asynchronous 
ReceiverlTransmitter 
does have a good mixture 
of 
gates 
and register 
functions, 
qualifying 
it for the state 
machine 
application 
region. 
The 
input 
baud 
rate 
(BAUDlN) 
is divided 
down 
to lower 
baud 
rates 
through 
a series 
of toggle 
flip-flops. 
Then, based on the select data stored in the 02, 01, 00 flip-flops, 
one of the divided-down 
baud 
rates 
is selected 
and sent out on 
the baud 
rate out pin (BAUOoUT). 
Implementing 
the design in a standard 
24-pin PLO (exemplified 
here by the Intel 
50>60) 
is very costly. The data 
inputs 
must be 


latched 
inside 
a macrocell, 
using not only the macrocell 
but also 
the 
pin. 
The 
divide 
down 
toggle 
flip-flops 
cannot 
be 
buried, 


resulting 
in the loss of a pin for each flip-flop. The net utilization 
for the 5C060 implementation 
is 12 of 16 macrocells 
and 16 of 24 
pins, virtually 
all of the device. 
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Figure 
8. Micro 
Channel 
Decoder 
Nested 
Input Equations 


Implementing 
the same design in the Intel 5AC312 uses a much 


smaller 
amount 
of space. 
By using the input 
latches 
available 
on 


the 5AC312, 
the select data 
inputs can be stored 
immediately 
at 


the input pin rather 
than inside a macrocell. 
This saves a macro- 
cell, saves a pin, and decreases 
the delay time. Second, 
since the 


5AC312 
has separate 
register 
and pin feedbacks 
on each macro- 


cell, the 
baud 
rate 
divider 
can be buried 
by using 
the 
register 


feedback 
paths 
while the input 
feedback 
paths 
remain 
available 


for use as standard 
inputs. 
Inside 
the 5AC312, 
the circuit 
con- 
sumes 8 of 12 macrocells, 
and 7 of 24 pins, a significant 
IJo pin 


savings. 


In fact, the IJo pin savings is so significant 
that the accompany- 


ing address 
decode 
circuitry-which 
would be implemented 
typi- 


cally in a 20LS or second 
PLO-can 
be added 
to the 5AC312 
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Figure 9. Micro Channel Decoder Expanded and Reduced 
Equations 


(Figure 
11). The 
14 address 
inputs 
(AI3-AO), 
along 
with 
the 


memory or 110 status signal (M/JO) 
are fed into the PLD to gen- 


erate 
the baud rate select data clock signal (BAUDSEL) 
and the 


8251 CommandlData 
(C/O) 
and Chip 
Select 
(lCS) 
signals. 
The 


net 
result 
is a 10 of 
12 macrocell, 
24 of 
24 pin, 
single-chip 
solution. 


Based 
around 
a 
novel 
programmable 
AND/allocatable 
OR 


array struclure, 
the Intel 5AC312 is uniquely 
suited to cover both 


highly combinational 
and complex sequential 
designs (Figure 
12). 


The 5AC312 
is made combinationally 
powerful 
through 
a 0 - 16 


product 
term 
allocation 
arrangement 
and sequentially 
powerful 


through 
separate 
register 
and pin feedback 
and other 
features. 


The 5AC312's 
latched 
input capability 
is an asset in both combi- 


national 
and sequential 
applications. 
The net result is a combina- 


tionally 
powerful, 
sequentially 
powerful 
24-pin device. 
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Advanced Architecture PLDs 
Solve Common State Machine 
Problems 


by Liliyas S. Koumis 
Technical Mark£/ing Engineer 


The introduction 
of programmable 
logic devices (PLD) 
was a true 
revolution 
in the hardware 
design world. 
It enabled 
engineers 
to 


shrink circuits requiring several devices onto a single device thus 
simplifying 
their designs while saving space and power. Tradition- 


ally, PLDs 
have 
been 
used 
in combinational 
circuits 
such 
as 
address decoders as well as sequential circuits such as bus arbitra- 
tion schemes. 
During the last few years, advances and improve- 


ments 
in PLD architectures 
enabled 
the devices to grow 
morc 
complex 
while addressing 
the never-ending 
quest 
for higher 
den- 
sity and faster speeds. 
Despite 
these improvements, 
engineers 
still 


face certain 
problems 
and 
limitations 
when 
implementing 
state 
machine 
designs with PLDs. The Intel 5AC312 and 5AC324, multi- 
purpose 
generic 
erasable 
PLDs, offer a solution 
to these problems 


that gives engineers 
a better 
device to implement 
their designs. 


A typical 
programmable 
logic device 
is composed 
of a user- 


programmable 
AND 
array, 
a fixed OR gate, followed 
by an out- 


put 
register 
which 
includes 
a feedback 
path 
from the output 
to 
the programmable 
AND 
array. Combination 
of these elements 
is 
commonly 
referred to as a ·macrocell: 
The existence 
of a feed- 


back 
path 
from 
the 
output 
registers 
to the AND 
array 
makes 


PLDs 
ideal candidates 
for state 
machine 
implementations. 


The three 
basic categories 
of state machines 
are Class A, Class B 


and Class C, better 
known 
as MEALY, 
MOORE 
TYPE 
A and 


MOORE 
TYPE 
B respectively. 
It is possible 
to implement 
any of 


the classes of stale 
machines 
in a PLD, 
however 
the efficiencies 


vary with 
state 
machine 
class. The 
main characteristic 
of the 
Class A machine 
is that 
its outputs 
to the external 
world 
are a 


function 
of both the input and the present 
state of the machine 
as 
shown in Figure 
1. Mathematically, 
this can be expressed 
as: 


z"+ 
1 = fIx" ,yo) 


Class A Macbine 
(Mealy 
Machine) 


where 'z' is the decoded output, 'x' is the input, 'y' is output of the 
next state decoder and on' is the present state. 


={ 


The Class B machine 
differs 
from Class A in that 
its output 
is 
only dependent 
on the present 
state of the machine 
through 
out- 


put decoding, 
or better 
expressed 
as: 


z"+' = fly") 


Class B Machine 
(Moore 
Type A Machine) 


Finally, 
the 
Class 
C macine 
is essentially 
the 
same 
as 
the 


Class B but requires 
no output 
decoding: 
the outputs 
are the next 
state of the machine: 


Class C Machine 
(Moore 
type B Machine) 


If a Class A or a Class B machine 
is implemented 
in a standard 


PLD, two macrocells 
would be required 
per state; 
one macrocell 


I 


E:' 
WOIILD 


has to be used for the input decoding 
and the other for the output 


decoding. 
The 
use of an extra 
macrocell 
for output 
decoding 
is 
not an efficient 
use of the device 
resources. 
For example, 
the 
largest state machine 
that can be implemented 
in an eight-register 
PLD is one with only four states 
variables. 
On the other 
hand, 
since a Class C machine 
does not perform 
output 
decoding, 
only 


one macrocell 
per state 
is required. 
As a result, 
that a machine 
with eight state variables 
could easily fit in the same eight-register 
PLD. 


Despite 
the architectural 
advantages 
of implementing 
a Class C 
machine, 
traditional 
PLDs 
still inherit 
serious 
timing 
problems 


and structural 
shortcomings. 


The 
fust 
problem 
is violation 
of setup 
and hold 
times of the 


output 
registers. 
This is encountered 
commonly 
in environments 
where 
the 
inputs 
are 
asynchronously 
changing 
with 
the 
device 


clock. Sources 
for these problems 
may be different 
data paths for 


each input or origination 
of these input signals from circuits 
that 
use a different 
clock than that used for the output 
registers. 
This 
kind of problem 
causes 
the output 
to glitch 
and may cause 
the 
machine 
to enter 
an invalid or incorrect 
state. The problem 
tradi- 
tionally 
has been solved by adding 
external 
metastable-hardened 
registe~ 
to synchronize 
the inputs with the outputs. 
This solution, 


however, 
has 
obvious 
drawbacks 
such 
as an 
increase 
in chip 


count, additional 
time delays, and an increase 
in power consump- 


tion. In some cases, an eight-register 
IC is added 
even when only 


a few inputs must be synchronized. 


The 
second 
most 
common 
problem 
is missed 
input 
pulses 
of 


short duration. 
In modem 
and complex circuits, 
short pulses may 


arrive at the inputs 
and disappear 
at a faster 
rate than the PLD 


clock. This causes these inputs to be missed by the PLD, which in 
turn causes erroneous 
operation 
of the state machine. 
Traditional 


PLDs 
offer no solution 
to this problem. 
Enginee~ 
have had to 


resort 
to adding 
circuitry 
to ensure 
that 
the inputs 
are present 


long enough to be seen by the PLD clock. This additional 
circuitry 


further 
complicates 
designs, 
adds 
delays, 
increases 
power 
con- 
sumption 
and adds an unnecessary 
burden 
to the enginee~. 


Finally, 
the most frustrating 
problem 
for engineers 
is that 
the 


number 
of 
product 
terms 
available 
per 
macrocell 
is 
fixed. 


Engineers 
usually assign the states 
to the output 
pins randomly, 


write the equations 
and allow the software 
to determine 
whether 


the equations 
fit their 
chosen 
device. 
If the number 
of product 


terms 
required 
to implement 
the given equations 
is greater 
than 


the fixed number 
of available product 
terms, the designer 
devotes 


additional time and resorts to more 'innovative' approaches, 
such 


as breaking 
down the state 
machine 
into smaller 
parts 
to fit the 


device. 
This 
not 
only 
introduces 
additional 
time 
delays 
and 


reduces the effective use of the device, but it also increases devel- 
opment 
time and board 
cost. 


The above discussion 
illustrates 
the need for a more sophisticated 


generation 
of Programmable 
Logic Devices 
that 
address 
these 


problems. 
Two new Intel 
PLDs, 
the 5AC312 
and 5AC324, 
are 


specifically 
targeted 
at fulfilling the requirements 
of better 
set-up 


and 
hold 
timing, 
faster 
input 
clock 
rate 
and 
flexible 
product 


terms. The AC in the part 
name stands 
for "Advanced 
CMOS," 


the 3 stands for third generation 
and 12/24 is the number 
of macro- 


cells in each device. This family of Intel Erasable 
Programmable 


Logic Devices uses advanced 
CHMOS' 
EPROM 
cells instead 
of 


polysilicon fuses as a logic control 
element. 
This process 
enhances 


the 
testability 
and 
reliability 
of the 
devices 
while 
significantly 


reducing 
power consumption. 
For the remaining 
portions 
of this 


paper, 
the 5AC312 will be referred 
for ease of reference, 
but for 


all practical 
purposes, 
the 5AC324 is functionally 
identical 
to the 


5AC312 
but 
contains 
twice 
the 
number 
of macrocells 
and 
ten 


registerllatched 
inputs instead 
of eight. 


As it can be seen in Figure 4, the 5AC312 has the architectural 
features 
of a Class C machine 
but also offers additional 
features 


address the issues discussed 
earlier. The input structure of the 


5AC312 
offers several 
programmable 
options, 
each 
addressing 
a 


particular 
need or problem. 


To address 
the first problem-violation 
of setup 
and hold times 


of the output 
registers-the 
5AC312 offe~ 
an additional 
registerl 


latch input with a programmable 
clock. The clock can be the same 


as the 
output 
register 
clock 
shifted 
by 180", a separate 
high 


frequency 
clock, or be generated 
by a product 
term from the logic 


array. 


By using the first clock option, synchronization 
is achieved, and 
thus 
the 
risk of output 
glitches 
is minimized. 
By cascading 
the 


input 
and output 
registe~ 
and shifting 
the input clock 180" from 


the output 
register 
clock, 
an additional 
advantage 
is gained 
by 
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allowing enough time to satisfy the setup and hold time require- 
ments of the output 
registers. Metastability 
characteristics 
of the 


device 
is of particular 
concern 
and are discussed 
later in this 


paper. 
The second option, a separate 
high frequency clock, enables the 
device to sample 
inputs of very short 
time duration. 
This clock 


operates 
up to 50 MHz, with an input register setup of only 5 ns. 


If the latch feature 
is selected, 
the setup time is reduced 
to 0 ns. 


Of course, 
a mode can be selected 
where 
the input data flows 
through, bypassing the registerllatch 
combination. 
The third clock 


option, clocking the input registers with the output 
of a product 


term from the logic array, is ideal for applications 
where registers 


are to be clocked only when a certain 
input condition 
is met. 


To address the ftxed product term problem, the 5AC312 imple- 


ments an innovative solution called 'product term allocation.' 
In 


each individual macrorell, 
the eight product terms are sub-divided 


into two groups of four. The product 
term allocation 
is achieved 


by allowing each of these four product 
term groups 
to be bor- 


rowed from or lent to adjacent macrorells. 
By 'allocating' 
product 


terms between 
adjacent 
macrorells, 
any register can be driven by 


as many as 16 product 
terms by borrowing unused 
product 
terms 


from its neighbors. Conversely, as little as zero product terms can 
be used if a macrocelllends 
to both of its neighbors. The 12 macro- 


cells in the device have been divided into two groups of six each 
(or two groups of 12 for the 5AC324) called the "rings" that help 
deftne adjacent 
macrorells 
for borrowing 
and lending purposes. 


The efficiency of this configuration 
can be demonstrated 
with a 


simple example. Assume an excitation 
function 
needs four prod- 


uct terms and another 
function 
needs 
10 product 
terms. 
Imple- 


menting 
these 
functions 
with a ftxed eight-product-term 
PLD 


requires one macrorell 
to implement 
the four-product-term 
func- 


tion, and two macrorells 
to implement 
the 10 product terms func- 


tion. To fit the 10 product term function, the equation 
needs to be 


broken 
into two parts, thereby 
increasing 
the delay. Therefore, 


out of 24 available product 
terms (three 
groups of eight), 14 are 


used (14/24 = 58% efficiency). Using the 5AC312 to implement 
the same functions 
yields the following: the four-product-term 


function 
is implemented 
with half of a macrocell, 
allowing the 


other 
half to be allocated 
to the adjacent 
macrorell 
for imple- 


menting 
the 
100product-term 
function. 
No 
design-splitting 
is 


required. 
Therefore, 
out of 16 product 
terms, 
14 are used. This 


translates 
to 88% product term utilization. The product term allo- 


cation is completely 
transparent 
to the user since it is achieved 


through 
software. 
When the compiler 
determines 
that 
an addi- 


tional number of product 
terms is required, 
it automatically 
allo- 


cates resources to fit the required excitation function. 


Although 
metastability 
is a relatively rare event, ignoring it can 


cause serious timing problems. 
The input registers 
found in the 


5AC312 offer excellent 
recovery time where 
metastability 
is of 


concern. 
Metastability 
can be simply described 
as the inability of 


a register to decide the state of its output within a ftxed amount 
of time. This event usually occurs when synchronizing 
an external 


event with a periodic clock. If a flip flop is clocked nearly at the 
same time as changing 
data, 
there 
is a small window of time 


where the output of the register is unknown. This window of time 
is the recovery time (t~) 
of the flip-flop 
and is typically in the 


order of nano-seconds. 
Designers at Intel have performed 
tests to 


obtain 
the recovery time for the 5AC3xx family of devices and 


have concluded 
that the Intel devices have better 
recovery times 


than familiar 
TfL 
devices 
such as 74F74. Table 
1 shows sample 
data taken 
at a clock frequency 
of 2 MHz and data 
frequency 
of 
1 MHz. 


Additional 
information 
on the 
procedure 
used 
to obtain 
this 


data and its use can be found in references 
one and three. 


to replace 
traditional 
off-the-shelf 
logic as designers 
discover their 


usefulness 
in modem 
applications. 
However, 
to overcome 
the 


problems 
associated 
with setup 
and hold time violations, 
missed 


inputs and fixed number of product terms, a new generation 
of 


PLDs 
was 
needed. 
The 
Intel 
5AC312 
and 
5AC324 
overcome 


these problems 
by providing 
selectable 
input registerllatch 
option 


with excellent 
metastability 
characteristics 
and allocatable 
prod- 


uct terms. 


Because 
of their internal 
architectural 
characteristics 
Programma- 
ble Logic Devices 
have become 
the ideal 
method 
to implement 


state machine 
designs. This is evident 
by the wide variety of appli- 


catons 
where 
programmable 
logic devices 
are found 
today. 
The 
latest generation 
of PLDs, with the advantages 
of programmable 
IJO pins aod expanded 
number 
affixed product 
terms, 
are certain 


Device 
Recovery 
TIme 
(ns) 


7474 
1.6 


74LS74 
1.5 


745374 
0.91 


74F373 
0.70 


74F74 
0.40 


5AC31215AC324 
0.35 
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A 15 ns 2500 Gate Highly 
Flexible CHMOS EPLD 


A 2500 
gate, 
IS 
ns 
CMOS 
EPLD 
witb 
configurable 
inputs, 


expandable 
sum of products 
(SOP), 
and SOP implementation 
of 


control 
signals 
bas been developed. 
Independent 
syncbronous 
or 
asyncbronous 
clocking of the inputs 
and outputs, 
plus botb inter- 
nal and pad feedback 
of each macrocell, 
make tbis an extremely 
conligurable 
4O-pin logic device. 


As system complexity 
and performance 
increase, 
system designers 


are 
requiring 
programmable 
iogic 
devices 
that 
offer 
increased 
density, 
performance, 
and flexibility. 
One 
method 
of increasing 


the flexibility is to vary the number 
of product 
terms assigned 
per 


output 
[1). The drawbacks 
of this approach 
are that it limits per- 


formance 
of the large macrocells, 
it is inefficient 
in silicon area 


and internal chip resources, 
and it also restricts the options 
for 


the 
user 
pinout. 
By developing 
a 40-pin 
CMOS 
EPLD 
which 


offers configurable 
input structures, 
expandable 
SOP macrocells, 


SOP internal 
control 
signals, configurable 
output 
structures, 
and 
dual feedback 
paths, 
the demand 
for a high density, 
high perfor- 
mance, 
highly flexible device is met. Typical Tpd is 15 ns and Tco 
is 12 ns. The 1.,. N-well CMOS 
EPROM 
based 
technology 
allows 


for 
reconfigurability, 
low 
power 
operation, 
and 
100% 
factory 
testing. 


The device consists 
of 24 1I0s, 
10 Latched 
Inputs 
(UNPs), 
and 


2 Clock!lnp 
pins, all of which are TTL compatible. 
In addition 
to 
these signals, internal 
feedback 
from each macrocell 
is also avail- 


able 
as an array 
input, 
allowing 
the 
110 pad 
to be used 
as an 


additional 
device 
input. 
Each 
I/O 
and 
UN 
is configured 
on 


power-up 
by clocking 
the 
programmed 
values 
of EPROM 
cells 


through 
a shift register. 
There 
are 17 product 
terms (bit lines) per 


macrocell. 
These consist of 2 groups of 4 product 
terms for sum of 


product 
output, 
4 sets of 2 product 
terms for sum of product 
con- 


trol signals, and 1 bit line for the architecture 
bits of that macro- 


cell. Twelve 
more 
product 
terms 
are required 
for asynchronous 


input 
clocking, 
input 
architectures, 
and 
the 
security 
bit (verify 


inhibit). 
Thus 
there 
are 120 word lines and 420 bit lines in the 


device. The 420 bit lines are divided into 4 quadrants 
with 6 macro- 


cells each. The word lines are global to all 4 quadrants. 
Figure 
1 


shows a block diagram 
of the device. 
The UNPs 
may be individually 
configured 
as either 
latches 
or 


registers, 
with either 
a synchronous 
(pin) or asynchronous 
(prod- 


uct term) clock (ILE). 
For flow through 
operation, 
the asynchro- 


nous 
ILE 
term 
is programmed 
to be always enabled. 
Figure 
2 


shows the UNP 
input 
structure. 
The output 
macrocells 
may be 


configured 
to be combinatorial 
or registered, 
and 
support 
pro- 


grammable 
output 
polarity. 
If the 
registered 
option 
is selected, 


further 
options 
on flip-flop type (0, T, JK, RS) and clocking (syn- 


chronous 
or asynchronous) 
may be selected. 
Each 
macrocell 
can 


Thus the number 
of product 
terms 
summed 
into a given output 
can range 
from 0 to 16. A macrocell 
with 0 data 
product 
terms 
retains 
its control 
product 
terms, and can still be used as an SR or 
T flip flop. Two product 
terms 
are summed 
together 
for each of 
the macrocell's 
control 
signals; OE, SET, RESET, 
and ASYNCH 
CLOCK. 
Figure 
3 shows the output 
macrocell 
architecture. 


The high speed performance 
of the device may be attributed 
to a 
I IJ. poly-silicide 
process, 
layout 
architecture, 
and 
circuit 
tech- 
niques. 
The 
process 
particulars 
will be 
described 
later 
in the 
paper, 
but were 
frozen 
for this design. 
Minimizing 
the parasitic 
delays 
was a high priority, 
and 
influenced 
several 
early 
layout 
choices. 
The large number 
of 1/0 macrocells 
presented 
a poten- 
tial noise problem 
during multiple 
switching. To alleviate 
this, the 
device 
makes 
use of 2 Vce and 2 VSS pins, which 
are located 
close 
to the center 
of the 
package, 
as shown 
in the pinout 
of 
Figure 4. This location 
has reduced 
pin inductance 
compared 
to 
the traditional 
corner 
placement, 
and significantly 
reduces 
power 
supply noise during 
simultaneous 
transitions. 
The 
array 
of the 
device 
was broken 
into 
4 quadrants 
of 105 
columns 
each to reduce 
the rowline 
RC delays to less than 
Ins. 


All 4 quadrants 
are driven centrally 
from a single large row driver 
located 
at the end of the macrocell. 
By locating 
the row drivers 
here, the severe pilch limitations 
encountered 
by placing the row 
drivers on the end of the array are eliminated, 
and larger, faster 
tri-stateable 
drivers 
can be used. These 
drivers 
use high voltage 
p-channel 
devices 
to isolate 
the row drivers 
from 
the row lines 
during programming, 
with minimal speed degradation 
during nor- 
mal mode. 
The 
bit line sense-amp, 
shown 
in Figure 
5, contains 
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unique biasing circuitry which limits the bit line swing to less than 
150 mY, even when multiple 
cells are conducting. 
The amplifier 


uses a low threshold 
enhancement 
device to provide a pullup cur- 


rent, and a dynamic 
reference 
bias along with a current 
limiting 


device to limit the bit line swing. Response 
is very fast, even for 
3 


recovery from super zero conditions, 
and typically takes less than 


3 ns from row line input to sense amp output, 
allowing a Tpd of 


less than 
15 ns. Figure 
6 shows an oscillograph 
of typical 
Tpd 


data. 
Active 
Ice is less than 
150 mA at 40 MHz. 
An option 
to 


trade 
off speed 
for power 
savings is also available 
to the 
user, 


which allows the part to operate 
in battery 
powered 
applications 


[2). 


Table 1. Typical Device Characteristics 


Die Size 
4.5 mm x 5.9 mm 


Cell Size 
4.2•.• x 9.01L 


Tpd 
15ns 


Tco 
12 ns 


Active Ice (40 MHz) 


Standby Ice 


Package 


150 mA 


80 ILA 


4O-pin dip 
44-pin PLCC 


N-well 1.0•.•CMOS 
EPROM 
with silicide 


The device has been fabricated in a 1.01J.N-well CMOS EPROM 
technology, and utilizes 2 polysilicon and 1 metalization layers. 
Tungsten silicide is used to reduce poly interconnect resistance. 
Table 2 summarizes Process Parameters. Programming circuitry is 
handled by high voltage p-channel devices. The cell is a special 
double poly FLOTOX structure that has been optimized for PLD 
applications. 


LOlLCMOS EPROM 
Double poly 
with silicide 


N-channel 
Left 


P-channel 
Left 


.91L 


.91L 


250A 


40hmslsq 


2.51L 


2.81L 


1,21Lx 1.21L 


Tox 


Polycide resistivity 


Polysilicon pitch 


Metal-1 pitch 


Contact c~t 


The combination of high speed, high density and flexiblearchitec- 
ture makes this device an ideal solution for high speed microcom- 
puter system design [3]. 


We would like to thank Jim Negrey and Reo Gargovich 
for their 
layout work, Chris Wawro, 
K.K. Ramakrishnan 
and Abid Asghar 
for their 
many helpful 
suggestions. 
and the Intel 
Fab personnel 
for producing 
the silicon. 


(11 Advanced Micro Devices, "Programmable Arrey logic Hendbook," 1986. 


(21 
S.C. Wong, et ai, "CMOS Erasable Programmable logic 
Device with Zero 


Stendby 
Power," 
ISSCC 
Digest 
of 
Technical 
Papers, 
Feb. 
1986, 


pp 242·243. 
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Designs that utilize numerous levels of cascaded logic 
often result in excessive product terms when expressed 
in the sum-of-products form. Although this poses no 
problem when designing with discrete logic, EPLDs are 
generally optimized for the sum-of-product form. This 
stems from the architecture of the basic Macrocell. 


Macrocells typically consist of a programmable AND 
array feeding a fixed width OR gate. Most Intel EPLDs 
(with a few exceptions) have a fixed OR gate width of 
eight product terms. For most applications, eight avail- 
able product terms are sufficient. However certain de- 
signs require logic to be cascaded, which usually causes 
product term requirements 
to expand geometrically. 
One example where product terms become an issue is 
cascaded exclusive-OR (XOR) circuits. Here the num- 
ber of product terms increase by 2 to the nth power, 
where n equals the number of XOR gates. If the num- 
ber of product terms exceeds eight, the equation may 
not fit in the EPLD macrocell. 


There is a simple solution to reduce the product term 
requirements 
when using cascading XOR (or other) 


logic. Figure I shows a circuit cascading five exclusive 
ORs. As designed, this circuit expands to 32 product 
terms when expressed in the minimized sum-of-prod- 
ucts form. (This is assuming that signals A thru F are 
single product terms themselves.) Figure 4 shows the 
minimized logic equation file produced by Intel's Logic 
Optimizing Compiler (iLOC). 


An easy solution to fitting this logic into an EPLD is to 
cascade three exclusive ORs together and then send the 
result through 
some type of combinatorial 
feedback 


primitive, such as a COIF (Combinatorial Output-In- 
put Feedback) or NOCF (No Output-eombinatorial 
Feedback). This signal can now be cascaded through 
two more XOR's to get the five total. This circuit is 
shown in Figure 2. Figure 4 shows the logic equation 
file for this implementation. 
Note the reduction 
in 


product terms from Figure 3. 


The only penalty in this method is the added delay 
needed for the feedback path. The worst case tpd (input 
to output delay) for the circuit in Figure 2 would be 
twice the specified Tpd (input to output delay) for the 
target EPLD. For the 10 ns 85C220, the Tpd would be 
20 ns worst case as implemented in Figure 3. 


:=JD-::JD-::l~D-;::)~I-- 
----~ 
4-/ 
E~ 
I 
lOUT 


F 
I 
I 


D-;::)~ 
I 
-- 
----~ 


I 
I 
OUT 
F 
I 
I 
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Cascading 
XOR 
gates--no 
feedback 


_LEF Version 
2.0 
Baseline 
4.3i 
22 
Jul 
1988 


NETWORK: 


A 
INP(A) 
B 
INP(B) 
C 
INP(C) 
0 
INP(o) 
E 
INP(E) 
F 
INP(F) 
0 
CONF(Oc, 
VCC) 


EQUATIONS: 
OC 
F * E' * 0' * C' * A' * B' 
+ F' * E * 0' * C' * A' * B' 
+ F' * E' * o * C' * A' * B' 
+ F * E * o * C' * A' * B' 
+ F' * E' * 0' * C * A' * B' 
+ F * E * 0' * C * A' * B' 
+ F * E' * o * C * A' * B' 
+ F' * E * o * C * A' * B' 
+ F' * E' * 0' * C' * A * B.' 
+ F * E * 0' * C' * A * B' 
+ F * E' * o * C' * A * B' 
+ F' * E * o * C' * A * B' 
+ F * E' * 0' * C * A * 
B' 
+ F' * E * 0' * C * A * B' 
+ F' * E' * o * C * A * B' 
+ F * E * o * C * A * B' 
+ F' * E' * 0' * C' * A' * B 
+ F * E * 0' * C' * A' * 
B 
+ F * E' * o * C' * A' * 
B 
+ F' * E * o * C' * A' * B 
+ F * E' * 0' * C * A' * 
B 
+ F' * E * 0' * C * A' * 
B 
+ F' * E' * 0 * C * A' * 
B 
+ F * E * o * C * A' * B 
+ F * E' * 0' * C' * A * 
B 
+ F' * E * 0' * C' * A * 
B 
+ F' * E' * 0 * C' * A * 
B 
+ F * E * o * C' * A * B 
+ F' * E' * 0' * C * A * B 
+ F * E * 0' * C * A * 
B 
+ F * E' * o * C * A * 
B 
+ F' * E * o * C * A * 
B; 


ENO$ 


292003-5 


Figure 3. Minimized 
Logic Equations 
for Figure 1 


Cascading 
XOR 
gates-- 
combinatorial 
feedback 
used 


LEF 
Version 
2.0 
Baseline 
4.3i 


22 
Jul 
1988 


INPUTS: 
A, 
B, 
C, 
D, 
E, 
F 
OUTPUTS: 
0, 
NODE 


NETWORK: 
A 
INP(A) 
5 
INP(5) 
C 
INP(C) 
D 
INP(D) 
E 
INP(E) 
F 
INP(F) 
o 
CONF(Oc, 
VCC) 
NODE, 
NODE 
= COIF(NOoEc, 
VCC) 


D * C' 
* A' 
* 5' 
+ D' * C * A' * 5' 
+ D' * C' * A * 5' 
+ D * C * A * B' 
+ D' * C' * A' * 
5 
+ 
D * 
C * A' 
* 
5 


+ D * 
C' * A * 
5 


+ D' * C * A * B; 


Oc 
F * E' * NODE' 


+ F' * E * NODE' 
+ F' * E' * NODE 
+ F * E * NODE; • 
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System 
designers 
often use programmable 
logic devices 


to implement 
counters. 
Use 
of PLA 
devices 
lets 
the 


user build customized 
counters 
to suit individual 
appli- 


cations. 
In most 
cases such counters 
are not available, 


'off-the-shelf 
SSIIMSI 
devices. 
In other 
applications, 


the PLA implementation 
allows the designer 
to squeeze 


the counter 
function 
along with other 
'glue' tasks into a 


single PLA, 
with the attendant 
higher 
integration 
bene- 


fits. 


Use of traditional 
20-pin 
and 
24-pin 
PLAs, 
however, 


does 
not 
allow 
for the construction 
of large 
counters 


having 
greater 
than 
10 significant 
bits. This is because 


these traditional 
PLAs 
have register 
and product 
term 


restrictions 
(even the larger 
bipolar 
PLAs 
have only 8 


to 10 registers 
and less than 
8 product 
terms 
per regis- 


ter). 
In contrast, 
the 
5C060 
24-pin 
erasable 
program- 
mable 
logic device 
(EPLD) 
contains 
16 registers 
that 


are programmable 
as 'D', 
'T', 'RS' or 'JK' 
types. These 


16 programmable 
registers 
enable 
the construction 
of 


Up/Down 
counters 
with up to 16 significant 
bits. 


This 
application 
brief 
details 
the implementation 
of a 


l6-bit 
binary 
counter 
in the 5C060 
EPLD. 
The design 


also demonstrates 
efficient 
counter 
construction 
utiliz- 


ing toggle 
flip-flops 
(T-FF) 
that 
allows 
for minimum 


product 
term 
utilization. 


The 
objective 
of the design 
is to implement 
a counter 


with the following 
features: 
(i) 16-bit binary 
count, 
(ii) 
toggle 
flip-flops, 
(iii) asynchronous 
clear, 
(iv) RUN/ 
STOP 
function 
and 
(v) 
UP/DOWN 
function. 
The 


function 
table is shown 
in Figure 
1. 


RESET 
UP/DOWN 
RUN/STOP 
Function 


X 
X 
0 
Inhibit Counting 
0 
0 
1 
CountDown 
0 
1 
1 
Count 
Up 


1 
X 
X 
Reset 
All Outputs 
to 'LOW' 


Counters 
can be most effectively 
implemented 
in PLA 


architectures 
using 
toggle 
flip-flops. 
This 
is because 


counters 
constructed 
with 'D' type flip-flops 
require 
an 


additional 
product 
term for every successive 
significant 


bit, 
whereas 
toggle 
flip-flop 
implementation 
requires 


only 
one 
product 
term 
per 
significant 
bit. 
Thus, 
the 


toggle flip-flop 
counter 
design 
is more miserly 
in prod- 


uct 
term 
consumption 
than 
the 
'D' 
register 
design. 


Since product 
term 
minimization 
is the key element 
to 


maximizing 
PLA 
utilization, 
the T-FF 
counter 
design 
is more efficient. 
The truth 
table for the toggle flip-flop 


is shown 
in Fig. 2. 


T 
Q(N) 
Q (N + 1) 


0 
0 
0 


0 
1 
1 
1 
0 
1 
1 
1 
0 


The l6-bit 
binary 
counter 
function 
was implemented 
in 


the 5C060 
EPLD 
using the Intel 
Programmable 
Logic 


Development 
System 
(iPLDS). 
The 
equations 
for the 


l6-bit 
binary 
counter 
with 
the 
RESET, 
UP/DOWN 


and 
RUN/STOP 
functions 
are shown 
in the 'EQUA- 


TIONS' 
section 
of the LEF 
(Fig. 4). The pinout 
of the 


5C060 
with 
the implemented 
counter 
is shown 
in the 


RPT 
file (Utilization 
Report) 
Fig. 5. This RPT 
file also 
shows, 
under 
the 
'OUTPUTS' 
section, 
that 
in each 


macrocell 
only one out of 8 product 
terms 
is used. 
In 


contrast 
the 
same 
l6-bit 
counter 
designed 
using 
'D' 


type flip-flops 
would 
have required 
more than 
16 prod- 


uct terms 
for the last significant 
bit. 
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11.0 
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UP/DOIlIl COOlITERIIITH RUN/STOP AND AsYIlCH. RESET USING T-FF 


LB Verdon 
4.01. 
Beeeline 
27.1 
4/9/88 
OPTIOIIs: 
TURBO=OII 
PART: 
500S0 
INPUTS: 
RS. CLOCII:.RESET, UD 
OUTPUTS: QO.Ql.Q2.Q3.Q4.Q5.Q6.Q7,Q8,Q9.QA,QB.QC,QD.QE.QF 
lUT1lOU: 
QO.QOr 
= TOTr 
(QOT.C[J(.CLR.GND. 
VCC) 
Q1.Qlr 
= TOTr 
(QIT.CLl.CLR.GND.VCC) 
Q2.Q2r 
= TOTr 
(Q2T.C[J(,CLR,GND,VCC) 
Q3.Q3r 
= TOTr 
(Q3T.CLl,CLR.GND,VCC) 
Q4.IMr 
= TOrr 
(Q4T.C[J(.CLR,GND,VCC) 
Q5.QlIr 
= TOTr 
(Q5T.CLl,CLR,GND,VCC) 
Q6.Q6r 
= TOrr 
(Q6T.C[J(.CLR.GND, 
VCC) 
Q7.Q7r 
= TOTr 
(Q7T.CLK.CLR,GND,VCC) 
Q8.QIlr 
= TOTr 
(QIlT.C[J(,CLR.GND.VCC) 
Q'.Q9r 
= TOTr 
(Q9T.CLl.CLR,GND,VCC) 
QA.QAJ' = TOTr 
(QAT.CLl.CLR.GND, 
VCC) 
QB.QBl 
= TOTr 
(QBT.CLl.CLR,GND.VCC) 
QC.QCJ' = TOrr 
(QCT.C[J(.CLR,GND.VCC) 
QD.QDr 
= TOTr 
(QDT.CLl.CLR,GND, 
VCC) 
QI.QD 
= TOrr 
(QlT.C[J(.CLR,GND.VCC) 
Qr 
= TOIIl 
(QlT.CLl.CLR,GND,VCC) 
QOT = OR (QOU.QOD) 
CLl 
= IMP (CLOCII:) 
CLR = IMP (IWlIT) 
QIT 
= OR (Q1U.Q1D) 
Q2T.= 
OR (Q2U.Q2D) 
Q3T = OR (Q3U.Q3D) 
IMT = OR (Q4U.Q4D) 
QBT = OR (QBU.QBD) 
QIlT = OR (QIlU.QIlD) 
Q7T = OR (Q7U.Q7D) 
QIlT = OR (Q8U.QIlD) 
Q9T = OR (Q.U.Q9D) 
QAT = OR (QAU.QAD) 
QBT = OR (QBO.QBD) 
QCT = OR (QCU.QCD) 
QDT = OR (QDU.QDD) 
QlT 
= OR (QIU.QIU) 
QlT 
= OR (QrU,QrD) 
as 
= IMP (RS) 
OD = IMP (UD) 
1IUD = IlOT 
(OD) 
QOU = AND (OD,RS) 
• 
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QID = AND (UD,QOr,QOU) 
Q2D = AND (OD.Qlr,QlD) 
Q3D = AND (OD,Q2r.Q2UJ 
Q4D = AND (OD.Q3r,Q30) 
QliD = AND (OD.Q4r,Q4U) 
QeD = AND (UD.Q5r.Q5D) 
Q7D = AND (UD,Q6r.Q8U) 
QeD = AND (UD.Q7r.Q7UJ 
QeD = AND (UD.Q8r.Q8U) 
QAD = AND (OD.Qer.QeU) 
QIIU = AND (OD.QAF.QAU) 
QCO = AND (OD.QBI' .QBUJ 
QIlO = AND (OD.QCP .QeUJ 
QIU = AND (UD.QDr .QDIl) 
QlU = AND (DD.QII' .QlUJ 
IIQOr = NOT (QOr) 
ltQtr 
= NOT (QU) 
.r 
= NOT (Q2P) 
1IQ3r = NOT (Q3r) 
IIQ4r 
= NOT (Q4P) 
ltQU 
= NOT (Q5r) 
IIQIr 
= NOT (QIlr) 
1tQ7r = NOT (Q7rJ 
IIQIr 
= NOT (Q8P) 
IlQllr 
= NOT (QeP) 
MQAr = NOT (QAF) 
ltQBr = NOT (QBI') 
IlQCJ' = NOT (Qer) 
ltQDf = NOT (QDr) 
IlQD' 
= NOT (QEr) 
QOD = AND (IIUD.RS) 
QID = AND (1IUD.lIQOr.QODJ 
Q2D = AND (IIUD,IIQU.QID) 
Q3D = AND (IIUD.MQ2r.Q2DJ 
Q4D = AND (IIUD.MQ3F.Q3D) 
QliD = AND (1IUD.MQ4r.Q4D) 
QeD = AND (IIUD.1IQ5r •Q5D) 
QTD = AND (1IUD.MQ8r.Q6DJ 
QeD = AND (IIUD.MQ7P,QTDJ 
QeD = AND (1IUD.1IQ8r.Q8DJ 
ClAD= AND (IIUD.NQ9r.Q9DJ 
QBD = AND (IIOD. MQAr.QADJ 
QCD = AND (1IUD.1lQIlI'.QBD) 
QUD = AND (1IUD.1lQCJ'.QeDJ 
QED = AND (1IUD.llQDr.QDDJ 
QfD = AND (IIUD.llQEr •QED) 
PDt 
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INTEL 
CORPORATION 
JAN. 
15, 
1987 
1 
1.0 
5C060 
BINARY 
16-BIT 
UP/DOWN 
COUNTER 
WITH 
RUN/STOP 
AND 
ASYNCH. 
RESET 
USING 
T-FF 


LB 
Version 
4.01, 
Beseline 
27.1 
4/9/86 
LEF 
Version 
4.01 
Baseline 
22.2 
2/4/86 
OPTIONS: 
TURBO=ON 
PART: 


RS, 
CLOCK, 
RESET, 
UD 
OUTPUTS: 


~,m,~,~,~,~,~,~,~,~,~,~,~,~,~,~ 
NETWORK: 


CLK 
= INP(CLOCKI 
RS 
= INF(RS) 
CLK 
= INP(RESETl 
UD 
= INP(UD) 
QO, 
~F 
= TOTF(~T, 
CLK, 
CLK, 
GND, 
VCCI 
Ql, 
QIF 
= TOTF(QIT, 
CLK, 
CLR, 
GND, 
VCCI 
Q2, 
Q2F 
= TOTF(Q2T, 
CLK, 
CLK, 
GND, 
VCCI 
Q3, 
Q3F 
= TOTF(Q3T, 
CLK, 
CLK, 
GND, 
VCCI 
Q4, 
Q4F 
= TOTF(Q4T, 
CLK, 
CLK, 
GND, 
VCCI 
Q5, 
Q5F 
= TOT!'(Q5T, CLK, 
CLR, 
GND, 
VCCI 
Q6, 
Q6F 
TOTF(Q6T, 
CLK, 
CLK, 
GND, 
VCC) 
Q7, 
Q7F 
TOTF(Q7T, 
CLK, 
CLR, 
GND, 
VCCI 
Q8, 
Q8F 
TOT!'(Q8T, CLK, 
CLK, 
GND, 
VCCI 
Q9, 
Q9F 
TOTF(Q9T, 
CLK, 
CLK, 
GND, 
VCCI 
~,~F 
TOTF(~T, 
CLK, 
CLK, 
GND, 
VCCI 
~,~F 
TOT!'(~T, 
CLK, 
CLK, 
GND, 
VCC) 
~,~F 
TOTF(~T, 
CLK, 
CLK, 
GND, 
VCCI 
~,~F 
TOTF(QDT, 
CLK, 
CLR, 
GND, 
VCCI 
QE ,QEF 
TOTF (QET, 
CLK, 
CLK, 
GND, 
VCC I 
QF 
= TONF(QFT, 
CLK, 
CLR, 
GND, 
VCCI 
EQUATIONS: 


~T 
= UD' * ~F' 
* QDF' * ~F' 
* ~F' 
* QAF' * Q9F' * Q8F' * Q7F' 
* Q6F' * 
Q5F' * Q4F' * Q3F' * Q2F' * QIF' * ~F' 
* RS 
+ un * QEF * ~F 
* ~F 
* ~F 
* QAF * Q9F * Q8F * Q7F * ~F 
* Q5F * 
Q4F * Q3F * Q2F * QIF * ~F 
* RS; 


QET 
= UD' * QDF' * ~F' 
* ~F' 
* QAF' * Q9F' * Q8F' * Q7F' 
* Q6F' * Q5F' * 
Q4F' * Q3F' * Q2F' * QIF' * ~F' 
* RS 
+ UD * ~F 
* QCF * ~F 
* QAF * Q9F * Q8F * Q7F * ~F 
* Q5F * Q4F * 
Q3F * Q2F * QIF * ~F 
* RS; 


QDT 
= UD' * ~F' 
* ~F' 
* QAF' * Q9F' * Q8F' * Q7F' * Q6F' * Q5F' * Q4Y' * 
Q3F' * Q2F' * QIF' * ~F' 
* RS 
+ UD * QCF * ~F 
* QAF * Q9F * Q6F * Q7F * Q6F * Q5F * Q4F * Q3F * 
Q2F * QIF * ~F 
* RS; 
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QCT = UO' • QBF' 
• QAF' 
• Q9F' 
• Q8F' 
• Q7F' 
• QaF' 
• Q5F' 
• Q4F' 
• Q3F' 
• 
Q2F' 
• Q1F' 
• QOF' 
• as 
+ UO • QBF 
• QAF 
_ Q9F 
- Q8F 
_ Q7F 
- Q6F 
- Q5F 
- Q4F 
- Q3F 
_ Q2F 
_ 
Q1F _ QOF 
_ as; 


QBT 
UO' _ QAF' 
_ Q9F' 
_ Q8F' 
_ Q7F' 
_ Q6F' 
- Q5F' 
- Q4F' 
_ Q3F' 
- Q2r' * 
Q1F' 
_ QOF' 
_ as 


+ UO _ QAF 
- Q9F 
- Q8F 
- Q7F 
- Q6F 
- Q5F 
_ QU 
• Q3F 
_ 
Q2F 
- QlF 
- 
QOF 
_ as; 


QAT 
UO' 
- Q9F' 
_ Q8F' 
- Q7F' 
- Q6F' 
_ Q5F' 
- Q4F' 
- Q3F' 
_ Q2F' 
_ Q1F' - 
QOF' 
-as 
+ UO - Q9F 
- Q8F 
• Q7F 
- Q6F 
- Q5F 
- Q4F 
- Q3F 
_ Q2F 
- Q1F 
- QOF 
_ 
as; 


Q9T 
UO'. 
Q8F' 
_ Q7F' 
_ Q6F' 
_ Q5F' 
_ Q4F' 
• Q3F' 
_ Q2F' 
_ Q1F' 
_ QOF' 
_ 
as 
+ UO - Q8F 
_ Q7F 
_ Q6F 
_ Q5F 
_ Q4F 
_ Q3F 
_ Q2F 
_ Q1F 
_ QOF 
_ as; 


Q8T 
UO' 
- Q7F' 
- Q6F' 
- Q5F' 
- Q4F' 
- Q3F' 
_ Q2F' 
_ Q1F' 
_ QOF' 
_ RS 
+ UO - Q7F 
- Q6F 
- Q5F 
- Q4F 
- Q3F 
- Q2F 
- Q1F 
• QOF 
_ RS; 


Q7T 
UO' 
- Q6F' 
- Q5F' 
_ Q4F' 
• Q3F' 
_ Q2F' 
_ Q1F' 
_ QOF' 
_ as 
+ UO - QaF 
- Q5F - Q4F 
_ Q3F 
_ Q2F _ Q1F 
_ QOF 
_ RS; 


QaT 
UO' 
- Q5F' 
- Q4F' 
- Q3F' 
_ Q2F' 
- Qlr' - 
QOF' 
-RS 
+ UO _ Q5F 
_ Q4F 
- Q3F 
- Q2F 
_ Q1F 
_ QOF - 
RS; 


Q5T 
UO' - Q4F' 
_ Q3F' 
- Q2F' 
- Q1F' 
- QOF' 
_as 
+UO-Q4F- 
Q3F 
_ Q2F 
- Q1F 
- QOF 
- RS; 


Q4T 
00' 
- Q3F' 
_ Q2F' 
- Q1F' * QOF' - 
RS 
+ UO - Q3F _ Q2F - Q1F 
- QOF 
- RS; 


Q3T 
UO' _ Q2F' 
- Q1F' 
- QOF' - 
as 
+ UO - Q2F _ Q1F 
- QOF 
- RS; 


Q2T 
UO' - Q1F' 
- QOF' 
_as 
+ UO _ Q1F 
_ QOF 
- RS; 


Q1T 
UO' _ QOF' 
_ as 
+ UO - QOF 
_ as; 


QOT 
as; 


INTEL 
CORPORATION 
JAN. 
15. 
1987 
11.0 
5C080 
BINARY 
16-BIT 
UP/DOWN 
COUNTER 
WITH 
RUN/STOP 
AND 
ASYNCH. 
RESET 
USING 
T-rF 


LB 
VersIon 
4.01. 
Baseline 
27.1 
4/9/86 
OPTIONS' 
TURBO=ON 


5C060 


CLOCK 
-, 
1 
24:- 
Vcc 
GND 
- I 2 
23:- 
RS 
Q7 
-I 
3 
22: 
- 
QF 
Q6 _. 
4 
21:- 
QE 
Q5 -, 
5 
20:- 
QD 
Q4 -: 
6 
19:-'QC 
Q3 - : 7 
181- 
QB 
Q2 
- I 8 
17:- 
QA 
Ql 
- I 9 
161- 
Q9 
QO 
-:10 
15: 
- 
Q8 
UD 
-Ill 
14:- 
RESET 
GND 
-112 
131- 
CLOCK 


"INPUTS" 


Name 
Pin 
Resource 
!lCell • 
PTerme 


CLOCK 
INP 


UD 
11 
INP 


GND 


CLOCK 
• 
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RS 
23 
IMP 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


Vcc 
24 
Vcc 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


"OUTPUTS" 


feeds: 


H••••• Pin 
Reeource 
IlCaU 
" 
PTeras 
IlCaUs 
01 
Clear 
Clock 


'17 
TOTF 
9 
2/ 
8 
1 
2 
3 
4 
5 
6 
7 
8 


'18 
4 
TOTF 
10 
2/ 
8 
1 
2 
3 
4 
5 
6 
7 
8 
9 


'15 
TOTF 
11 
2/ 
8 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


'14 
TOTF 
12 
2/8 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


292015-6 


Figure 5. Example 
.RPT File (Continued) 
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Q3 
7 
TOT!' 
13 
2/8 
1 
2 
3•5 
8 
7 
8 
9 
10 
11 
12 


Q2 
8 
TOT!' 
U 
2/8 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 


Q1 
8 
TOT!' 
15 
2/ 
8 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 


QO 
10 
TOT!' 
16 
1/ 
8 
1 
2 
3 
4 
5 
6 
7 
6 
8 
10 
11 
12 
13 
U 
15 


'Ie 
15 
TOT!' 
8 
2/ 
8 
1 
2 
3•5 
8 
7 


Q8 
18 
TOT!' 
7 
2/ 
8 
1 
2 
3•5 
8 


QA 
17 
TOT!' 
6 
2/ 
8 
1 
2 
3•5 
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Figure 5. Example 
.RPT File (Continued) 
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2/ 
8 
1 
2 
3 
4 


2/ 
8 
1 
2 
3 


2/ 
8 
1 
2 


2/ 


2/ 


"PART 
UTILIZATION** 


95~ 
Pins 
100~ 
HacroCells 
24~ 
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Designing a Mailbox Memory for 
Two 80C31 
Microcontrollers 
Using 
EPLDs 


K. WEIGL & J. STAHL 
INTEL CORPORATION 
MUNICH, 
GERMANY 


• 


DESIGNING A MAILBOX 
MEMORY FOR TWO 80C31 
MICROCONTROLLERS 
USING EPLDs 


INTRODUCTION 
3-151 


SC060 MAILBOX 
3-151 


SC032 MAILBOX 
CONTROLLER 
3-152 


Block Diagram 
3·153 


5C060 "Back to Back Register" 
3-154 


5C032 "Mailbox 
Controller" 
3-155 


5C060 Register ADF 
3-156 


5C032 Arbiter ADF 
3-157 
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Very often, complex systems involve two or more mi- 
crocontrollers to fulfill the requirements defined by a 
given objective. Since the nature of microcontrollers 
does not allow for easy dual-port memory design (no 
"READY" 
input; no "HOLD/HLDA" 
interface; port- 
oriented I/O etc.), design'engineers are faced with the 
problem of interchanging information (data and status) 
between those microcontrollers. This application brief 
describes the design of a mailbox for exchanging infor- 
mation between two 8OC31s,using a 5C060 EPLD as a 
"back-to-back" register, and a 5C032 EPLD as an arbi- 
tration vehicle to control the actions of the CPUs. 


In this application, the 16 macrocells of the 5C060 are 
grouped into two sets of 8 so called "ROlF" 
(register 


output with input feedback) primitives to implement 
the two 8 bit bus interfaces needed. The grouping is 
done according to the following picture. 


The 5C060 allows for independent clocking of 8 macro- 
cells on each side of the chip, the two clock inputs are 
used to clock data from the microcontroller 
bus into 


the chip. To read the data written into the mailbox by 
one of the controllers, the RDA- (controller A is read- 
ing) or RDB- (controller B is reading) line must be 
pulled low by activating the read command (IRD). In 
order to avoid spurious read-cycles, the fRD 
com- 


mands 
from 
both 
microcontrollers 
are 
logically 
"ORed" together with an active high CS-signal (Chip 
Select) inside the 5C06O.The CS-signal for both ports is 
derived from address line A15. Therefore, whenever 
AI5 becomes a logic "I" (true), the mailbox is activat- 
ed and ready to take or submit data. 
Address range for the mailbox: FOOO Hex 
to 
FFFF 


Hex 
(Upper 12 kbyte) 


GROUP 
A 
(hlICROCON- 
TROLLER 
A) 


WRB 


CSA 


I/OAO 


I/OAI 


I/OA2 


I/OA3 


I/OA4 


I/OA5 


I/OA6 


I/OA7 


ROA 


GNO 


VCC 


ROB 


I/OBO 


I/OBI 


I/OB2 


I/OB3 


I/OB4 


I/OB5 


I/OB6 


I/OB7 


CSB 


WRA 


GROUP 
B 
(hlICROCON- 
TROLLER 
B) 
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To keep the two microcontrollers informed about the 
status of their mailbox, the 5C032 is programmed to 
supply the following signals to both controllers: 


IIBEB: 
-INPUT BUFFER 
EMPTY- 
FOR MC B 


IINTA: 
INTERRUPT 
TO MC A 


IINTB: 
INTERRUPT 
TO MC B 


The next section will discuss the meanings of these sig- 
nals in more detail. 
Output Buffer Full:This flag is set whenever the con- 
troller writes into its own output 
buffer. The flag remains valid, until 
the second controller has read the 
data. The flag is automatically re- 
set to its inactive state when this 
read cycle is accomplished. 


NOTE: 
Both controllers can access (read or write) the mail- 
box simultaneously. 


Input Buffer Empty: This flag indicates that there is no 
message in the mailbox. The flag 
will become inactive as soon as 
one microcontroller places a mes- 
sage for the other one (or vice ver- 
sa). 


Example: 
/IBEA 
remains 


"LOW" until microcontroller B 
places a message for controller A 
into the mailbox for A. /IBEA 
will go "HIGH" as soon as con- 
troller 
B has accomplished its 


write 
cycle, and 
will not 
go 


"LOW" again until microcontrol- 
ler A has read the message. 


Interrupt: The 5C032 is programmed to supply inter- 


rupts to both microcontrollers involved, on 
one of the following events. 
I. The /OBF flag of the opposite microcon- 
troller becomes active; e.g. if controller A is 
placing a messagefor controller B, controller 
B receives an interrupt the same time as 
/OBFA becomes valid or vice versa. 
2. The /IBE flag of the opposite microcon- 
troller goes active, indicating that this con- 
troller has received the message; e.g. if con- 
troller B reads the message stored by con- 
troller A, its /IBEB flag goesactive and con- 
troller receives an interrupt indicating that 
the buffer is empty. 


The signals described above are necessary to accom- 
plish a secure handshake without overwriting messages 
accidentally. In addition to that, the 5C032 is issuing 
the actual write commands for the two register sets in- 
side the 5C060. The IWRA and IWRB signals are re- 
sults of logical "AND" functions between the appropri- 
ate es- and IWR signals from the microcontrollers. 
Therefore, spurious write cyclesare unlikely to happen. 


- 


ADO-A07 
00-07 
00-07 
ADO-A07 


PO 


•• 
~ 
704HCT373 
~ 
704HCT373 J rv 


PO 


AO-A7 
AO-A7 
''--- 


~: 
~ r. 
Jf 


ADO-7 


OE~ 
027C604 
027C604 
-:} 
f- 
ALE - 
ALE 


A8-A15 
A8-12 
A8-12 
A8-A15 


P2 
P2 
OECS 
CSOE 
-- 
f-J-:} 
-:}L- 
PSEN 
PSEN 
f--- - 
f--- - 
- 


00-07 
00-07 


P80C31BH 
~ 
AO-A7 
AO-A7 
~ 


P80C31BH 


RAM 
RAM 


A15 
A8-12 
A8-12 
A15 
¥ 
Rii 
WR CS 
CS WR Rii ~ 


RDP3.7 
I I I 
I 


I 
- RDP3.7 


WRP3.6 
- WRP3.6 


5C060 


. ~ lOA 
lOB 
0-7 
0-7 
- 
ROA 
ROB - I- 


CSA 
CSB 
WA 
WB 


5C032 


WA 
WB 
- 
WRA 
WRB - 
'-- 
ROA 
ROB - 


CSA 
CSB 
P3.04 
OBFA OBFB 
P3.04 


P3.5 
IBEA 
IBEB 
P3.5 


RST 
P3.2INTO 
INTA 
INTB 
INTOP3.2 
I 


RST 
RESET 
RESET 
- 


• 
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1 .A - 
L-- 
•.... 
r:.. 
- 
....:J 
- 
--- 


1 .A -- 
L 
1"'"'- 
•.... 
1:.. 
....:J 
- 
...--- 


I ... -- 
L ,...- 
•... 
r.... 
....:J 
-- 
---- 


I ... -- 
L ,...- 
•... 
1:.. 
....:J 
- 
--- 


1 .A -- 
L 
1"'"'- 
•.... 
r:.. 
- 
....:J 
- 
--- 
I ... - 
L -- 
•.. 
r.... 
....:J 
-- 
-'-- 


I ... -- 
L .- 
•.. 
1:.. 
....:J 
-- 
-'-- 


1 ..• 
-r- 
L -.- 
•... 
1:.. 
....:J 
_ .... 
--- 
:V- 
a 
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JUERG 
STAHL 
INTEL 
ZUERICH 
August 
28, 1989 
80C31 MAILBOX 
MEMORY 
USING 
SC060 
/ SC032 
REV 5 
SC060 


PART: 
SC060 
INPUTS: 
WB@l, 
CSA@2, 
CSB@14, 
nRDA@ll, 
nRDB@23, 
WA@13 


OUTPUTS: 
IOB7@lS, 
IOA7@10, 
IOB6@16, 
IOA6@9, 
IOBS@17, 
IOAS@8, 
lOB4@18, 
lOA4@7, 
IOB3@19, 
IOA3@6, 
IOB2@20, 
IOA2@S, 
IOB1@21, 
IOA1@4, 
IOBO@22, 
lOAO@3 


NETWORK: 
lOB7,DB7 
ROlF (DA7,WAC,GND,GND,RDBC) 
IOB6,DB6 
ROlF (DA6,WAC,GND,GND,RDBC) 
lOBS,DBS 
ROlF (DAS,WAC,GND,GND,RDBC) 
IOB4,DB4 
ROlF (DA4,WAC,GND,GND,RDBC) 
IOB3,DB3 
ROlF (DA3,WAC,GND,GND,RDBC) 
IOB2,DB2 
ROlF (DA2,WAC,GND,GND,RDBC) 
IOB1,DB1 
ROlF (DA1,WAC,GND,GND,RDBC) 
IOBO,DBO 
ROlF (DAO,WAC,GND,GND,RDBC) 
IOA7,DA7 
ROlF (DB7,WBC,GND,GND,RDAC) 
IOA6,DA6 
ROlF (DB6,WBC,GND,GND,RDAC) 
IOAS,DAS 
= ROIF(DBS,WBC,GND,GND,RDAC) 
IOA4,DA4 
ROlF (DB4,WBC,GND,GND,RDAC) 
IOA3,DA3 
ROlF (DB3,WBC,GND,GND,RDAC) 
lOA2,DA2 
ROlF (DB2,WBC,GND,GND,RDAC) 
IOA1,DA1 
ROlF (DB1,WBC,GND,GND,RDAC) 
IOAO,DAO 
ROlF (DBO,WBC,GND,GND,RDAC) 
WAC 
INP(WA) 
WBC 
= INP(WB) 
CSB = lNP(CSB) 
CSA 
= lNP(CSA) 
nRDB 
= INP(nRDB) 
nRDA 
= INP(nRDA) 


JUERG 
STAHL 
INTEiL ZUERICH 
August 
28, 
1989 
80C31 
MAILBOX 
MEMORY 
USING 
5C060 
/ 5C032 
REV 
5 
5C032 


PART: 
5C032 
INPUTS: 
RST, 
nWRA, 
nRDB, 
CSA, 
nRDA, 
nWRB, 
CSB 
OUTPUTS: 
WA, 
nOBFA, 
nIBEB, 
nINTA, 
nINTB, 
nOBFB, 
nIBEA, 
WB 


NETWORK: 
nWRA 
= INP (nWRA) 
nRDA 
= INP (nRDA) 
CSA 
= INP(CSA) 
nWRB 
= INP (nWRB) 
nRDB 
= INP(nRDB) 
CSB 
= INP(CSB) 
RST 
= INP(RST) 
WA 
= CONF(WAd,VCC) 
WB = CONF(WBd,VCC) 
nOBFA,nOBFA 
COIF (nOBFAd,VCC) 
nOBFB,nOBFB 
= COIF(nOBFBd,VCC) 
nIBEA,nIBEA 
= COIF(nIBEAd,VCC) 
nIBEB,nIBEB 
= COIF(nIBEBd,VCC) 
nINTA 
CONF(nINTAd,VCC) 
nINTB 
= CONF(nINTBd,VCC) 


nINTBd 
nOBFB 
* nIBEB; 
nINTAd 
= nOBFA * nIBEA; 
nOBFBd 
!(!(!nRDA * CSA) * nIBEA 
* 
!RST); 


nOBFAd 
!(!(!nRDB * CSB) * nIBEB 
* 
!RST); 


nIBEBd 
!(!(CSA * 
!nWRA) * nOBFA); 
nIBEAd 
= 
!(!(CSB * 
!nWRB) * nOBFB); 
WAd 
= CSA * 
!nWRA; 
WBd = CSB * 
!nWRB; 
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ATYPICAL 
LATCH/REGISTER 


CONSTRUCTION 
IN EPLDs 


Though Intel's EPLDs include many of the typical 
latch and register types, some logic designs require reg- 
ister or latch configurations not directly supported in 
the current EPLDs. In many cases these register and 
latch configurations can be generated using the logic 
array and combinational feedback. A "latch" is defined 
as a level-triggered, flow-through type such as the 
74373, and a "register" is defined as an edge-triggered 
flip-flop such as the 7474. 


This application brief will detail the construction of a 
D-type latch, an RS latch and a D flip-flop using com- 
binational logic and feedback. Also discussed is the 
construction of an RS flip-flop, a JK flip-flop and a T 
flip-flop using registered logic and feedback. 


The RS latch is the simplest latch configuration. The 
equations for it are as follows: QB = !(Q + S), Q = 
!(QB+ R) where Q is the output of one NOR gate, and 
QB is the output of the other (Note: as a convention 


in this Ap brief, the "!" operator is used to signify in- 
version). The schematic of the RS latch is shown in 
Figure la. 


Since cross coupled logic is not supported in EPLDs, 
we must convert the equation to a single term with 
feedback. 


00. OF = COCF (0. VCCj 


0= 
S + !R' OF; 


where QF is the feedback from Q output. 


This circuit can be implemented in an EPLD macro- 
cell. Where combinational feedback is not supported, 
I/O feedback will suffice.The schematic of this imple- 
mentation is shown in Figure lb. 


With the RS latch, the inputs are normally low. A logi- 
cal one on S sets Q to I, and a one on R resets Q to a O. 
Logical ones on both inputs simultaneously cause the 
output to remain at a high level since S takes prece- 
dence over R in this implementation. 


~ 


R 
0 


OS 
S 
NOR2 
292031-1 
(a) 


Vcc 


INP 
S 
----. 
INP 
COC" 
R 
• 
00 


292031-2 


(b) 


~uvuu 
••J. .a"•...u 
1:) un: /Ii'') 
I,) type, or U latch. ihts latch 
works by either enabling input data to appear at the 
output, or by holding the output to the last input data 
state. Its equation is this: QB = !(!(!O*E)*Q),Q = 
!(!(D*E)*QB).Again, Q is the output of one NANO 
gate, and QB is the output of the other. Figure 2a 
shows this version of the design. 


Again, we must convert to an EPLO-type equation and 
schematic: 


QD, QF = COCF 
(Q,VCC) 


Q = D • E + !E * QF; 


QF is the feedback from the COCF. In this circuit, 
when E is high, data flows through transparently. 
When E is brought low, data is latched. When using 
input feedback,care must be taken when tri-stating the 
output as data will no longer be latched. The EPLO 
implementation is given in Figure 2b. 


• 
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This latch can be cascaded with a second latch to pro- 
duce an edge triggered, master/slave D flip-flop, using 
combinational logic. The flip-flop is a solution to using 
asynchronous clocking, preset and clear functions when 
they aren't supported. Also, if an I/O conflict exists 
within a macrocell group when using registered logic, 
this design will fit since it uses combinational logic. 
Figure 3 shows the schematic for this design. 


OD,OF 
= COCF 
(O,VCC) 


YF = NOCF 
(V) 


Y = D • ICLOCK + YF • CLOCK; 
o = YF • CLOCK + OF • !CLOCK; 


This design does consume two macrocells, but in many 
cases, that isn't a problem. 


Q is the flip-flop output and Y is the first latch output. 
Data is latched in to the second latch on the low-going 
edge of clock, and is clocked out to Q on the high-going 
edge of clock. 
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When the CLEAR TERM is logically true, Q is asyn- 
chronously cleared to O. 
The PRESET TERM takes priority over the CLEAR 
TERM. 
This schematic is shown in Figure 4. 


Preset and clear can be added into the equations as 
well: 


OO,OF 
= COCF 
(O,VCC) 


YF = NOCFM 


Y = 0 • !CLOCK + YF • CLOCK; 
o = YF • CLOCK 
• ! (CLEAR 
TERM) + 


(PRESET 
TERM) + 
OF • !CLOCK 
• ! (CLEAR 
TERM); 


Due to the nature of the design, input delays plus array 
delays plus feedback delays must be added and used to 
determine a maximum operating frequency. In this ex- 
ample, tIN + tAD + tCF + tAD = 
113 ns for a 


-6S 
SCI21, leaving a maximum 
frequency of 8.8 


MHz. 
When the PRESET TERM is logically true, Q is asyn- 
chronously set to I. 
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The JK flip-flop is another useful and easily implement- 
ed register: 
Other useful workarou'nds involve D registers and logic 
in constructing 
RS, JK and T flip-flops, for use in 
EPLDs not supporting these configurations. The RS 
flip-flop is simply the RS latch discussed earlier cou- 
pled to registered feedback. 


OD,OF 
= RORF 
(O,CLOCK,GND,GND,VCC) 


o = J • !OF + !K • OF 


OD,OF 
= RORF 
(O,CLOCK,GND,GND,VCC) 


0= 
S + OF' 
!R; 


When J = K = 1, QD toggles to opposite state on next 
clock trigger. When J = K = 0, QD remains the same. 
When J does not equal K, QD will follow J on next 
clock trigger. The schematic is shown in Figure 6. 
Normally, Sand R will remain low. When S is brought 
high, QD will become 1 on the next clock trigger edge. 
When R is brought high, QD will become °on the next 
clock trigger edge. The schematic is given in Figure 5. 
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QD,QF 
= RORF 
(Q,CLOCK,GND,GND,VCC) 


Q = T • ! QF + ! T • QF; 


When T is high, QD will toggle to opposite state on 
next trigger. When T is low, QD will remain the same. 
Figure 7 shows the T flip-flop design schematic. 


Each of these designs uses a minimum number of p- 
terms; adding p-terms is possible to the limit of the 
macrocell being used. It is possible to substitute an en- 
tire logical expression for each input listed (except 


register clock), as long as the minimized logic equations 
resulting do not exceed the macrocells p-term count. 


For example, consider using the J-K register. Setting 
J = A • B • C + D and setting K = E • !F • !G + 
H + I then the minimized p-term count will expand 
from two p-terms to five p-terms, which would still be 
okay within a macrocell with more than five p-terms. 


Using logic gates and combinational or registered feed- 
back, one can easily implement many types of latches 
and registers. Regardless of the EPLD type, there exists 
the resources to implement any of the discussed circuit- 
ry. 
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From an outside glance, the world of computers and 
microprocessors seems filled with dedicated ICs that 
fulfill a variety of system needs. Upon closer inspection 
we find that designers must still reach into their bag of 
random logic to link together all of the parts of the 
system. It seems a shame to stuff a board full of high 
powered peripherals and still have portions of that 
board wasted on decoders, latches, and other miscella- 
neous random logic. 


True, programmable logic has been around a long time. 
But that logic is somewhat rigid in form, one time pro- 
grammable, and can also double as space heaters. These 
devices are totally unacceptable for a CMOS system. 
What is needed is a flexiblePLA architecture, erasabili- 
ty for prototyping, and CMOS for low power. In addi- 
tion, for this particular application the devicemust per- 
form from static operation to IOMHz. 


This application note covers the design of three sepa- 
rate circuits for Intel's CHMOS Design Kit. The func- 
tions performed by the 5C060 are: Memory decoding, 
wait state generation, and the power down circuitry for 
the 8OC88system clock. 


The system in question supports one 32K bank of 
EPROM memory, and four banks of 4K static RAM. 
Figure I shows the memory map of this system. Ad- 
dress lines AI9, A13, and AI2 will be used to decode 
the address space. PWR_DWN and S2_MIO serve as 
enables. In addition, to avoid data bus contention sig- 
nals memory read (MRDC) and advanced memory 
write (AMWC) are decoded along with the address 
lines for RAM chip selects. This is necessary for devic- 
es without output enables (OE) on multiplexed ad- 
dress/data busses. 
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Several options 
for entering 
this design 
are available 


through 
Intel's Programmable 
Logic Development 
Sys- 


tem 
(iPLDS). 
(For 
a more 
complete 
description 
of 
iPLDS the reader is referred 
to the iPLDS data sheet.) 
The 
design 
entry 
vehicle chosen 
for this application 
note is the Logic Builder. 
(Logic Builder is an interac- 


tive netlist method 
of design entry especially suited to 
Boolean equation 
entry and entry 
from existing 
sche- 
matics.) 
Several reasons are behind this decision. First, 
the Logic Builder 
software 
is included 
in iPLDS. 
In 


addition, 
Logic Builder entry is very fast, the designer 
may choose either netlist 
entry or Boolean equations, 
and finally, the Logic Builder software makes additions 
and corrections 
of design very easy. 


Using Logic Builder, the first step for this design is to 
determine 
the equations 
for the 3 to 8 decoder shown in 
Figure 
2. These equations 
are simply the decoding 
of 
the address lines ANDed 
with the enable signal. Equa- 
tions 0 thru 8 implement 
the decoding function of Fig- 
ure 2. 


/YO = /AI9*/A13*/AI2*ENABLE; 
/Yl 
= /AI9*/A13*A12*ENABLE; 
/Y2 = /A19* A13* / A12*ENABLE; 
/Y3 = /AI9*A13*AI2*ENABLE; 
/Y4 = A19* / A13* / AI2*ENABLE; 
/Y5 = A19* / A13* AI2'ENABLE; 
/Y6 = AI9'A13'/AI2'ENABLE; 
/Y7 = AI9*A13'AI2'ENABLE; 
ENABLE 
= /PWRDWWS2MIO; 


Armed 
with this knowledge 
it becomes trivial to enter 


the circuit of Figure 
2 into Logic Builder. 
Included 
in 


the Appendix 
is the Advanced 
Design File (ADF) 
cre- 


ated by Logic Builder for this circuit (ADF-l). 
Typical- 


ly the ADF would now be submitted 
to the Logic Opti- 


mizing Compiler 
(LOC) for Boolean minimization 
and 


design fitting. 
In this case we have used only a small 


portion 
if the logic available 
in the 5C060 so let us 


continue with the wait state generator 
and power down 


circuitry. 


Since this design is based on the 80C88 we can actually 
stop the system clock for extended 
periods of time and 


power back up as if nothing 
had occurred. 
The circuit 


to achieve this power down is shown in Figure 
3. 


As long as the PWRDWN 
signal 
is low the 
82C84 


clock 
output 
is OR'ed 
with 
a logical 
zero from 
the 


PWRDWN 
flip-flop. As a result the 82C84 drives the 


80C88 system 
clock. 
If PWRDWN 
goes HIGH, 
the 


rising edge of the next 82C84 clock will set the output 
of the PWRDWN 
flip-flop HIGH 
inhibiting 
the fall of 


the next clock cycle. The 80C88 system clock will re- 
main 
HIGH 
until 
PWRDWN 
goes 
LOW 
an4 
the 


PWRDWN 
flip-flop is clocked from the 82C84 clock. 


Using this configuration 
we avoid partial 
clock cycles 


for the 8OC88 system clock. 


• 
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Again. entering this circuit into Logic Builder is trivial. 
In fact it can be added directly to the decoder circuit 
shown above. The ADF file for this addition is shown 
in the appendix under ADF-2. 


The majority of memory and peripheral devices which 
fail to operate at the maximum CPU frequency typical- 
ly do not require more than one wait state. The circuit 
shown in Figure 4 is an example of a simple wait state 
generator. The circuit operation is as follows. Given 
that a memory location requiring a wait state has been 
selected, ALE in conjunction with IW AITCS will clear 
the flip-flop-driving 
the 82C84RDY line high low. 
The 82C84 samples the RDY line during T2 of the 
8OC88bus cycle, and in this case detects a wait state. 
The rising edge of T2 then clocks the 82C84RDY line 
high thereby inserting only one wait state. 


Once again, adding this circuit to the existing decoder 
and power down design is simple. The final ADF file is 
given in the appendix under ADF-3. Once the final 
design has been completed the ADF is submitted to the 
Logic Optimizing Compiler. LOC compiles the design, 
performs Boolean minimization, and fits the design into 
the target EPLD. In addition, LOC produces two files. 
The JEDEC programming file, the Logic Equation File 


(LEF). and the Utilization Report. These are also in- 
cluded in the appendix for each step in this design pro- 
cess. 


The JEDEC file is analogous to the object code fIle that 
is used to program EPROMs. This fIle is used by the 
Logic Programming Software (LPS) to program Intel's 
EPLDs. 


The LEF file is an optional file produced by the compil- 
er. The LEF file contains the minimized Boolean equa- 
tions which resulted from the original ADF. Some in- 
teresting points can be raised concerning the LEF file. 
Looking at LEF-3, first recall that the EPROM chip 
select was a function of Al9, A13, AI2, and the enable 
signals. 
It 
turns 
out 
that 
after 
minimization 
the 


EPROM chip select depends only on A19 and the en- 
able signals (IPWRDWN 
and S2MIO). This is shown 


in the LEF file. One other point. the initial wait state 
circuitry employed a JK flip-flop. The compiler auto- 
matically minimized this circuit into a D-type flip-flop 
with feedback achieving the same functionality. 
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Finally, 
the Utilization 
Report 
contains 
the pin-out for 
the design, information 
about 
the architectural 
layout 
of the design, and a percent utilization 
for pins, macro- 
cells, and product 
terms. Examining 
the utilization 
re- 
port for this design we find that two of the sixteen mac- 
rocells are still available. We could therefore 
add more 
functionality 
in the same 24 pin package. Possible addi- 
tions would be more memory 
decoding, 
invalid memo- 
ry detection, 
additional 
wait state generators, 
etc. One 
point 
should 
be raised: The circuitry 
designed 
in this 
applications 
note is relatively 
simple compared 
to the 
complex 
logic functions 
that could be implemented 
in 
the 5C060. 


The designs shown in this applications 
note are typical 
requirements 
of any microprocessor 
system. The 5C060 
provided 
a single chip solution 
to bind together 
the pri- 
mary elements 
of that system. Few other types of pro- 
grammable 
logic could implement 
the same logic in a 
single package. 
None 
could 
do it in CMOS 
erasable 
logic. The 5C060 has room for more. 
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This application note shows how to implement a 
CMOS Bus Arbiter/Controller 
in an Intel 5C060 
EPLD (Erasable Programmable Logic Device). The 
note includes a brief overviewof a similar circuit imple- 
mented with typical PLA devices, a more detailed dis- 
cussion of the 5C060 implementation, and a summary. 


The bus priority resolution and arbitration scheme se- 
lected for the circuit is that used by the industry-stan- 
dard MULTIBUS I interface. Operation and timing for 
the MULTIBUS I interface is well understood by most 
engineers and is described in readily available Intel 
publications. Thus, a description of the MULTI BUS I 
interface is not included here. The bus arbiter/control- 
ler functions shown here support both serial and paral- 
lel priority resolution between bus masters. Timing is 
equivalent to MULTIBUS I specifications. Electrical 
specifications for both the PLA and EPLD approaches 
vary from MULTI BUS I standards. Neither of the two 
circuits discussed here provide the full current sink ca- 
pability for all MULTIBUS I signals. Because the 
EPLD implementation is designed for CMOS systems, 
however, this requirement is not relevant for the 5C060 
implementation. 


The functional equivalent of a MULTIBUS I arbiter/ 
controller can be implemented in two 20-pin PLA-type 
devices as shown in Figures 1 and 2. (Figure I shows 
the logic for the arbiter device.Figure 2 shows the logic 
for the controller and the connections to the arbiter.) 
Figure 3 shows the arbiter list file as an example of 
PLA-type files. Two different 2a-pin PLA devices are 
required to implement the arbiter and controller func- 
tions, a 16R4-type device and a 16L8-typedevice. 


Implementation of logic devices in PLA-type devices, 
such as those shown here, has proven to be quite benefi- 
cial. Development time and cost is much less than for 
custom silicondevicedesigns.The two PLA-type devic- 
es take up less board space than a discrete TTL imple- 
mentation of the same functions. In addition, the two 
raw devices can also be used for different functions in 
other products, thereby reducing inventory costs. As a 
result of these factors (and others), use of PLA-type 
devices has grown substantially in recent years. 


With the increased density and flexibilityof EPLD de- 
vicesover typical PLA-type devices,even greater space, 
inventory, and cost savings can be obtained by using 
EPLDs. The following section shows an implementa- 
tion of the same arbiter/controller functions in a single 
24-pin 5C060 EPLD device. 


The equivalent functions for both the MULTIBUS I 
arbiter and controller fit inside a single 5C060 EPLD 
device. The 5C060 device is available in a 24-pin 0.3" 
DIP package. Figures 4 and 5 show logic diagrams for 
the arbiter and controller functions. When compared 
with the PLA implementation, some differences in the 
design are immediately apparent. These differences re- 
sult from the characteristics of the EPLD macrocell or 
from corrections to the circuit used in Figures I and 2. 


The major change resulting from the EPLD macrocell 
structure concerns the EPLD output buffers. Since out- 
put buffers from macrocells are non-inverting (PLA- 
type devicestypically contain inverting buffers), signals 
enter the buffers in the same logic orientation from 
which they are to appear at the output. The logic for 
the EPLD (shown in Figures 4 and 5) incorporates this 
change. 


Some errors in the PLA-type implementation have also 
been corrected in the EPLD design. These changes are 
as follows: 
• The M/IO input to the MRDC/ and MWTC/ gates 


is inverted. MilO 
distinguishes between memory 


and I/O cycles. The PLA-type implementation does 
not use this signal properly; the PLA-type controller 
generates read or write commands to both memory 
and I/O at the same time, which can result in con- 
tention between memory and I/O during bus trans- 
fers. 
• BPRO/ is gated by BPRN/ in the EPLD design. 


When using serial priority resolution, this allows the 
highest priority arbiter to prevent all other masters 
from controlling the bus. (In the PLA design, 
BPRO/ is enabled/disabled only by a local request. 
Higher priority arbiters cannot disable all other ar- 
biters. This can result in contention between bus 
masters. By gating BPRO/ 
with BPRN/ 
in the 


EPLD design, this source of bus contention is pre- 
vented.) 


Figure 6 shows the list file for the arbiter/controller 
device. Figure 7 shows the report file produced by the 
iPLDS software. This file contains a pinout diagram of 
the final programmed device and provides a resource 
usage map for the device. 


Most of the input and output signals are self-explanato- 
ry to those familiar with Intel processors and the 
MULTIBUS I interface. The XREQ input is the bus 
transfer request signal from the address decode logic. 
The BUSY/ and CBRQ/ outputs are bi-directional, 
simulated open-collector outputs. These outputs use the 
iPLDS 5C060 (Combinational-Output I/O-Feedback) 
primitive in the list file. The BUSY/ signal serves to 
illustrate this use of EPLD outputs. 
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A pull-up resistor is used externally (i.e., on the back- 
plane) to hold BUSY/ high when no arbiter is in con- 
trol of the bus. When the arbiter is granted control of 
the bus, AEN is clocked high, which enables the output 
of the BUSY/driver. 
Since the input to the BUSY/ 
driver is low during normal operation (RESET/ invert- 
ed), the enabled driver pulls BUSY/low 
to signal other 
arbiters that the bus is in use. When the arbiter is fin- 
ished using the bus, AEN goes low to disable the 
BUSY/driver 
(three-state output). The pull-up resistor 
pulls BUSY/high 
to signal other arbiters that the bus 
is free for use if needed. 


Note that BUSY/is also routed into the bus grant logic 
as input BSI. BSI prevents the arbiter from taking con- 
trol of the bus (and driving BUSY/low) 
when some 


other arbiter already has control of the bus. Thus only 
one arbiter may pull BUSY/low 
at anyone time. 


The one difference between standard 
MULTIBUS I 


logic levels and the EPLD implementation described 
here relates to the BCLK/ 
signal. MULTIBUS I bus 


arbitration uses the negative-going edge of BCLK/ to 
synchronize 
events. All 
5C060 flip-flops, however, 


clock on the positive-going edge of BCLK/. 
If all bus 


masters in the system use the same arbiter implementa- 
tion, this poses no problem. Otherwise, an external in- 
verter is required for the BCLK/ input. 


Both the PLA and EPLD implementations of the bus 
arbiter/controller 
result in a lower device count than a 


discrete logic circuit. Lower device count means less 
p.c. board space, fewer assembly steps, and fewer device 
interconnects. Both PLA and EPLD implementations 
are quicker and less expensive to develop than a custom 
gate array or dedicated silicon device. 


In contrast to the PLA approach, however, the EPLD 
implementation requires only a single device, while the 
PLA approach requires two different devices. Thus the 
EPLD approach results in twice the cost savings (in- 
ventory and assembly) and half the programming activ- 
ity to produce the device. Fewer device interconnects 
also means greater reliability. In addition, programmed 
EPLD devices can be erased and reprogrammed for a 
different application if needed, a feature not available 
with PLAs. 


Overall, the greater flexibility, and the incremental de- 
sign, manufacturing, and cost advantages of EPLD de- 
vices make them ideal for many applications where 
PLA devices would otherwise be used. 
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RD 
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RD 


WR 


SREQ 


BPRN 


RESET 


AEN 


BREO 


CBREO 


BUSY 


BPRQ 


BCLK 


PLA16R4 
PLA DISIGN FILl 
ARB001 
D. I. INGR. 
1/1/85 
MULTIBUS I ARBITIR 
SOMI SYSTIM COMPANY 
BCLI 
IWR 
IRD 
ISRIQ IRISIT IBPRN 
NC 
NC 
NC 
GND 


II 
ICBRIQ IBUSY ISYNC IBPRO 
lAIN 
lOIN IBRIQ NC 
VCC 


SYNC 
: = IRISIT*SRIQ*WR 
+ 


IRISKT*SRIQ*RD 


BPRO 
:= 
IRISIT*SYNC 


AlN 
: = IRISIT* AIN.BPRO*WR 
+ 
IRISIT* AIN*BPRO*RD 
+ 
IRISIT*BPRO*BPRN*IBUSY + 
IRISIT* AIN*BPRN*/CBRIQ 


OIN 
: = IRISlT*SRIQUIN 


IF(BPRO*/AIN) CBRIQ = BPRO*/AIN 


IF(AIN) BUSY = AIN 
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RESET 


XREQ 


RESET 


SREQ 


ePRN 


eSI 


cel 


eCLK 


RESET=P-£J- 
XREQ 
D 
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eCLK 
----------' 
292012-8 
'~4 


AEN 
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SREQ 
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E)CBRQ 
Figure 4. Logic Diagram 
of Bus Arbiter 
Functions 
3-184 


intel· 


• 


infel· 


DANIIL 
I. 
SMITH 
INTIL 
CORPORATION 
MARCH 
27, 
1986 
nRSION 
1.1 
RIY. 
A 
I5C060 
CMOS 
BUS 
ARBITIR/CONTROLLIR 


PART: 
INPUTS: 
OUTPUTS: 


BCLI 
IN'UIN 
IRIQ 
Blsn 
BPRN 
MIO 
RD 
NR 
BPRO 
AIN,AIN 
BRIQ 
CBRQ,CBI 
BUSY,BSI 
INTA 
MRDC 
MNTC 
IORC 
IONC 
SRIQ 
SYNC 
CMDU 


BRIQe 
BUSYe 
CBRQel 
CBRQe2 
MRDCe 
MNTCe 
IORCe 
IONCe 
SRIQd 
SYNCd 
CMDINd 


I5C060 
BCLI, 
XRIQ, 
RISIT, 
BPRN, 
MIO, 
RD, 
NR, 
INTAIN 
BPRO, 
AIN, 
BRIQ, 
CBRQ, 
BUSY, 
INTA, 
MRDC, 
MNTC, 
IORC, 
IONC 


INP 
(BCLI) 
INP 
(INTAIN) 
INP 
(IRIQ) 
INP 
(RISBT) 
IMP 
(BPRN) 
INP 
(MIO) 
INP 
(RD) 
INP 
(NR) 
CONr 
(BPROe,VCC) 
RORr 
(AINd,BCLI,OND,OMD,VCC) 
CONr 
(BRIQe,VCC) 
COIr 
(CBRQel,CBRQe2) 
COIF 
(BUSYe,AlM) 
COMr 
(INTAIN,AIN) 
COMr 
(MRDCe,AIM) 
CONr 
(MNTCe,AIN) 
CONr 
(lORCe, AIN) 
CONr 
(IONCe,AlN) 
NORr 
(SRIQd,BCLI,OMD,OMD) 
NORr 
(SYNCd,BCLI,OND,OND) 
NORr 
(CMDINd,BCLI,OND,OND) 


(SRIQ * /BPRM); 
RISIT * SRIQ * /BPRN * BSI 
+ 
RISIT * SRIQ * AIN 
+ 
RISIT * /BPRN * AIN * CBI; 
/(SRIQ 
+ AIN); 
/RISKT; 
/(SRIQ * /AIN); 
SRIQ * /AlN; 
/MIO 
+ RD 
+ CMDIN; 
/MIO 
+ WR 
+ CMDIN; 
MIO 
+ RD 
+ CMDIN; 


MIO 
+ WR 
+ CMDIN: 
BlSIT * SYNC; 
Blsn 
* IRIQ; 
/(RISIT 
* IRIQ * AIN): 


'BUS 
CLOCI 
INPUT' 
'INT. 
ACI. 
INPUT' 
'SYSTIM 
RIQUIST 
INPUT' 
UISIT 
INPun 
'BUS 
PRIORITY 
INPUT' 
'MIMORY/IO 
INPUT' 
'RIAD 
INPun 
'NRITI 
INPun 
'BUS 
PRIORITY 
OUTPUT' 
'ADDRISS 
INABLI 
(ORANT)' 
'BUS 
RIQUIST' 
'CBRQ/ 
-- 
SIMULATID 
O.C.' 
'BUSY/ 
-- 
SIMULATID 
O.C.' 
'INT. 
ACI. 
OUTPUT' 
'MIMORY 
RIAD 
COMMAND' 
'MIMORY 
WRITI 
COMMAND' 
'I/O 
RIAD 
COMMAND' 
'I/O 
NRITI 
COMMAND' 
'VALID 
BUS 
RIQUIST' 
'SYNCHRONIZID 
RIQUIST' 
'COMMAND 
INABLI' 


DANlBL 
E. 
SMITR 
INTEL 
CORPORATION 
MARCR 
27, 
1986 
VlRSION 
1.1 
REY. 
A 
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ARBITER/CONTROLLER 


5C060 


BCLI - 
1 
24:- 
Ycc 
MIO - 
2 
23:- 
IREQ 
RISERYRD 
- 
3 
22:- 
INTA 
RESERYED 
4 
21:- 
IOWC 
RISERVID 
- 
5 
20:- 
IORC 
AEN -: 
6 
19:- 
MWTC 
BPRO 
-:.7 
18:- 
MRDC 
IMTAIN -: 
8 
17:- 
BUSY 
WR -: 
9 
16:- 
CBRQ 
RD 
-:10 
15:- 
BREQ 
BPRN 
-: 11 
14:- 
RESET 
GND 
-: 12 
13:- 
GND 


.*INPUTS •• 


Na.e 
PiD 
Re.ource 
MCe11 • 
PTer •• 


BCLIt 
IMP 


MIO 
2 
UP 


INTAIN 
8 
INP 
14 
0/ 
8 


WR 
9 
IMP 
15 
0/ 
8 


RD 
10 
INP 
16 
0/ 
8 


BPRN 
11 
INP 


RESIT 
14 
INP 
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In many ways, fitting the 5C180 is like climbing a 
mountain. Just when what appears to be the summit is 
reached, another summit is revealed behind it. This 
may occur several times before the actual summit is 
surmounted. 


Likewise, fitting a 5C180 may have several false sum- 
mits. Just when one has conquered what appears to be 
the "problem", another problem often appears behind 
it. This may occur several times before the design fit- 
ting is complete. 


This application note addresses the problems that can 
be encountered when trying to fit a 5C180 and offers 
suggestions on how to get past them. The key to the 
climb is examining what resources are still available 
after the software' complains that a particular resource 
is not available. 


CLK1 PIN 
INP 


CLK1 


CLK4PIN 
INP 


CLK4 


CLK3PIN 
INP 


CLK3 


CLK2PIN 
INP 


CLK2 


SUMMIT 
NUMBER 
ONE: PIN 


ESTIMATE 


Before keying in the design, it is best to estimate the 
I/O pin requirements. This is done by counting t.heto- 
tal number of inputs to the device and outputs from the 
device. 


HELP: 
Run all synchronous 
clocks through 
Clock 


Buffers (CLKBs). Shared clocks may use the same 
CLKB output which may result in reduction from 4 
CLK input pins to 1 CLK input pin (see Figures la & 


'iPLS II ver. 1.1 or later is ESSENTIAL for 5C180 designs as the fitting 
algorithm was significantly improved with this release. 
'iPLS II ver. 1.5 or later is HIGHLY RECOMMENDED as the error 
messages and Utilization Report Files were significantly enhanced 
with this release. 


Figure 1a.Summit One-Input 
Clocks Before 
3-191 
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QUAD 
X REGISTERS 


QA 
RONF 


ClKS 
ClK4PIN 
INP 
0 
ClK4 


ClKS 
ClK3PIN 
INP 
0 
ClK3 


Case: 
ClK1 
~ ClK4 
frequency 
ClK2 
~ ClK3 
frequency 


Ib). This also frees the registers 
that 
the clock feeds 


from the synchronous 
clock pin quadrant, 
increasing 


the chance 
of fitting 
later on. THIS 
PRACTICE 
IS 
RECOMMENDED 
FOR ALL DESIGNS. 


PENALTY: 
Input 
setup time is shortened. 
(See Syn- 


chronous 
vs. Asynchronous 
A.C. 
Characteristics 
in 
Data Sheet). 


If clock butTering cannot solve the problem, 
the design 


must be repartitioned 
to reduce 
the number 
of input 
pins. Repartitioning 
is explained 
in the next section. 


SUMMIT 
NUMBER 
TWO: MACROCELL 
ESTIMATE 


If the I/O pin requirements 
can be met, the next step is 


to consider the macrocell requirements. 
The total mac- 


rocell count can be estimated 
by counting 
the number 


of outputs 
plus the number of internal 
registers. 


REPARTITIONING: 
Unless the fundamentals 
of the 


design can be changed, this error means that the design 
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must be repartitioned. This is done by removing Pllrt of 
the circuitry and placing it in a second devicesuch as a 
5C060 or 5C090. The 5C060 and 5C090 are recom- 
mended since their architectures (and therefore their 
ADFs) are nearly identical to those of the 5CI80 (the 
NOCF and COCF primitives are the only exceptions). 


Portions of the 5CI80 ADF can be easily transferred 
into one of the smaller devices or the smaller device 
ADFs can be transferred back to the 5CI80 if sufficient 
room is freed up later on. IT IS RECOMMENDED 
THAT FOUR OR FIVE UNUSED MACROCELLS 
BE LEFT IN THE 5CI80 FOR USE BY LATER 
STAGES. 


SUMMIT 
NUMBER 
THREE: 
SUCCESSFUL 
TRANSLATION 


With the design entered, the next summit is successful 
translation. 


EXPLANATION: The Macro Expander Module can- 
not find a macro for a network element. 


FIX: Make sure correct search path is available for 
macro libraries. Check for typo or syntax error. If using 
schematic capture, make certain that only valid EPLD 
library symbols were entered. 


EXPLANATION: The Translator found a problem 
with the way the design was entered. These errors are 
basically syntax errors which violate ADF format. It 
may be a simple typo, missing parenthesis or missing 
semicolon. Remember that the iPLS II LOC does dif- 
ferentiate between upper and lower case letters. If using 
schematic capture, make sure that all deviceinputs and 
outputs have pin symbols and that all the pins and 
wires are properly labeled. 


FIX: Refer to your iPLS II manual or call the EPLD 
Hotline, 1-800-323-EPLD,for help on the tough ones. 


SUMMIT 
NUMBER 
FOUR: REGISTER 
CLOCK 
INPUTS 


ERROR: *"ERROR-XLT-Clock 
input must be driv- 


en by INP or CLKB 


EXPLANATION: The clock for a flip-flop must be 
driven synchronously by a direct quadrant clock pin 
input (INP) or asynchronously through a Clock ButTer 
(CLKB). This problem occurs when an equation or 
gate logic is connected directly to the register clock 
input. 


FIX: In order to tell the LOC software that the clock 
for a flip-flop will be driven by an equation or gate 
logic, a Clock ButTer(CLKB) must be placed between 
the equation or logic and the register clock input for 
each register that is asynchronously clocked. 


SUMMIT 
NUMBER 
FIVE: 
ASYNCHRONOUS 
CLOCKS 
AND 
OUTPUT 
ENABLES 


ERROR: ***ERROR-XLT-OE 
with 
asynchronous 


clock not allowed 


EXPLANATION: Asynchronous clock and output 
enable can't be used at the same time in the same mac- 
rocell. The 5CI80 basic macrocell architecture, Figure 
2, shows why. A single p-term is shared between the 
asynchronous clock and the output enable. This means 
that both switches in the diagram can be up or both 
switches can be down. By trying to use a p-term output 
enable with an asynchronous clock, the top switch • 
would have to be down while the bottom switch is up. 
This cannot be done as then the register would be 
clocked and enabled with the same signal. 


WORKAROUND: To get around this problem, one of 
the signals must be routed through another macrocell 
(see Figures 3a-b). The clock could be generated in an- 
other macrocell, sent out to a pin, then sent back in on 
the synchronous clock pin. Alternately, in a first mac- 
rocell the register is placed as an asynchronously 
clocked NORF. In a second macrocell, the register 
feedback is sent out to a pin using a CONF enabled by 
the desired enable signal. 


PENALTIES: Routing the clock through a separate 
macrocell and back in otTersslightly better perform- 
ance-since 
the synchronous clock to ouput time is 


faster than a second macrocell delay, but this imple- 
mentation uses a lot of resources-three 
pins and two 


macrocells. The second method, routing the feedback 
from the register back and controlling the output en- 
able in a second macrocell is more straightforward and 
uses less resources. 


SUMMIT 
NUMBER 
SIX: GREATER 
THAN ONE PRODUCT-TERM 
REGISTER 
CONTROLS 


ERRORS: ***INFO-FIT- 
Eqn. 
too 
big, 
4/-1 


PTerm(s), on OE signal OE3 


***INFO-FIT- 
Illegal 
inversion 
of 


CLEAR input (CLRI) 


EXPLANATION: As shown in the basic 5CI80 mac- 
rocell architecture, Figure 2, only one product term 
(multiple input AND gate) is available for the register 
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clock, clear, and output enable. This means that any 
control resource containing an OR gate following Boo- 
lean minimization will not fit. Likewise, any control 
resource requiring an invert will not fit either. To find 
the offending signal, LOOK AT THE EQUATIONS 
SECfION 
OF 
THE 
LOGIC 
EQUATION 
FILE 
(.LEF). 


WORKAROUND: Once the offendingsignal has been 
located, it must be routed through another macrocell 
using an NOCF primitive (see Figure 4a-b). If the con- 
trol signal is a clock, then a clock buffer (CLKB) must 
also be added. 


PENALTY: Unless a trick explained below can be 
used, this routing results in the use of an additional 
macrocell and a doubling of the signal propagation de- 
lay. 


PROBLEM: Register clear input breaks I p-term re- 
source limit 


TRICK: If register has D input of either VCC or 
GND, substitute SR Flip-Flop. 


EXPLANATION: D-type EPLD register has only I 
AND gate feeding CLR; SR Flip-Flop utilizes logic ar- 
ray for CLR input allowing a max of 8 AND gates 
(p-terms) for the CLR resource. 


PENALTIES: SR Flip-Flop is synchronously clocked. 
D register has asynchronous clear. 
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OE 


01 
1 0 
Q 


2 


AN02 
CLKS 
C 
3 
EN 
1 
0 
CLK 
2 


OE 
FFI 
NORF 


01 
1 0 
Q 


2 


C 
AN02 
CLKS 
3 
F 
2 
EN 
1 
0 
CLK 
2 


1 
<4 
7<47<4X 
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3 
5 
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- 
3 
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0 
6 


CL 
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1 
AND3 


2 
3 


0 


1 
4 


2 
3 


S 
5 
Q 
NOSf 


2 


3 R 


1 
AND3 
C 
2 
4 
f 
3 


PROBLEM: Output enable on an equation or combi- 
national equation exceeds I p-term resource limit. 


TRICK: If a low output rather than a tri-state output 
can be tolerated, the signal can be gated rather than tri- 
stated. 


EXPLANATION: Run 
the OE and 
the equation 


through an AND gate before going to a pin. The output 
of the pin will only follow the equation when the enable 
is active, otherwise it will be zero. 


SUMMIT 
NUMBER 
SEVEN: NOT 
ENOUGH p.TERMS 
FOR AN 
EQUATION 


ERROR: "'INFO-FIT- 
Too many PTerms to fit in 


any MCeIl: 10/8 for EQN. 


EXPLANATION: Since the 5CI80 has a maximum of 
eight product terms per macroeell, there's a chance that 
this number may be exceededby the requirements of an 
equation. If so, the equation is cited by the LOC and 
can be examined by looking at the EQUATIONS sec- 
tion of the .LEF. 


WORKAROUND: The workaround for this situation 
may already be in place! If any portion of the logic (or 
equation) is routed into an NOCF or CONF elsewhere 
in the design, that feedback can be taken and routed 
into the equation (see Figure 5a-b). This means a single 
feedbacknode-rather 
than several nodes will now feed 


the equation and thereby reduce the p-term count. (If 
the feedback is to be taken from a CONF primitive, the 
CONF must be changed to a COCF or COIF to make 
the feedback available.) 


If part of the logic or equation is not routed into a 
NOCF or CONF elsewhere in the design, then part of 
the equation must be routed through a NOCF, COCF, 
or COIF primitive. A NOCF is recommended as it does 
not use a pin if placed in a global macroeell. If several 
equations are in violation of the eight p-term maxi- 
mum, try to choose a group of logic that is common to 
all of the equations. In this manner, the p-term count 
for several equations can be brought down with the use 
of single extra macrocell, rather than the use of a mac- 
roeell for each equation. 


PENALTY: Any time a portion of an output signal 
must be routed through another macrocell a speed pen- 
alty is incurred (roughly one propagation delay). If an 
already existing macroeell can be found, then there is 
no architectural penalty. If a new one must be created, 
then another macroeell is added to the total macrocell 
count. 


PTERlo46 
PTERlo45 
PTERlo44 
PTERlo43 
PTERlo42 
PTERlo41 


PTERlo49 
PTERlo48 
PTERlo47 


PTERlo46 
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PTERlo42 
PTERlo41 
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PTERlo48 
PTERlo47 


SUMMIT 
EIGHT: MACROCELL 
RESOURCES 
EXCEEDED 


ERROR: "'INFO-FIT- 
Design requires too many 
macrocells 


EXPLANATION: If this error didn't occur at the be- 
ginning, there's a good chance summits five, six or sev- 
en will push the macrocell count over the limit. (Re- 
member that the macrocell count includes not only the 
outputs, but also the buried resources such as NOCFs, 
NORFs and NOTFs). To find out exactly how many 
macrocells the design requires, LOOK AT THE NET- 
WORK: SECTION OF THE LOGIC EQUATION 
FILE (.LEF). The inputs list in the LEF will list both 
the outputs and all the buried resources required by the 
design. If the count exceeds 48, then too many macro- 
cells are required. 


FIX: Repartition. The same applies if the number of 
input pins is exceeded. 


THE FINAL ASCENT: 
NOT ENOUGH 
GLOBAL 
FEEDBACKI 


Congratulations! If you have made it this far, you have 
demonstrated courage, intelligenceand tenacity beyond 
that of the average climber. You will soon be rewarded, 
but first there is one more obstacle to be overcome. 
Welcome to the North Face of local/global feedback! 


First of all, why does local/global feedback exist? The 
answer can be found in the graph shown in Figure 6. 
The propagation delay versus array size is shown for 
the 5C060/090/l80 
family. As the number of inputs 


into the array increases, the propagation delay increas- 
es...exponentially. If all the inputs and feedback were 
made global, the 5Cl80 would have 136 inputs feeding 
each array (remember that both true and complement 
polarities must be fed into the array of a PLD architec- 


• 


intet. 


ture). This would have put the 5CI80 Tpd in the 250 - 
300 ns range!By making eight macrocells local for four 
quadrants, the number of array inputs was dropped to 
88 and the Tpd subsequently decreased to 75 ns. 


The tradeoff to the local/global routing scheme is more 
difficult design routing. With the help of the iPLS II 
and a couple of tricks, however, most designs can still 
be fit. 
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Device 
Inputs 
5C060 
40 
5C090 
72 
5C180 
88 
Array 
size increases 
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Capacitance 
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Figure 6. Propagation Delay vs. Array Size for 
the 5C060/090/180 Family 


The globaillocal macrocell assignments are shown in 
Figure 7. Please note that: 
1. Dedicated input pins are GLOBAL. 
2. Global macrocell I/O pin are GLOBAL. 
3. Global macrocell internal feedback paths are LO- 
CAL. 


where GLOBAL means that the signal feeds all macro- 
cells and LOCAL means that the signal only feeds the 
macrocells in its quadrant. 


The clock input pins feed the global bus like the regular 
inputs, except the synchronous register input connec- 
tion is dedicated to a particular quadrant. Thus, each 
clock input can be used as a logic input in all quadrants 
or a clock input in its own quadrant. To be used as a 
register clock input in a quadrant outside its own, how- 
ever, it must be tapped from the global bus via an asyn- 
chronous clock buffer (CLKB). 


The feedback path is local for GLOBAL macrocells 
while the I/O input is global for all GLOBAL macro- 
cells. Thus, changing the feedback of a register or com- 
binational equation from a standard feedback to I/O 
pin feedback path will change the routing from local to 
global. The iPLS II LOC automatically recognizes and 
performs this through a process called "promoting". 
With the promotion process, global routing can be ob- 
tained on signals that would otherwise remain local. 


***INFO-FIT- Promoted "TEQNf' 
from NOCF to 


COIF 


Because the global macrocells have separate register 
and I/O pin feedback paths, it is possible to "bury" a 
register or equation by disabling the output buffer and 
still use the pin as an input. The iPLS II LOC automat- 
ically assigns an input to the pin of a buried register 
macrocell if it is necessary and possible. Such assign- 
ments are documented in the Utilization Report File 
(.RPT). If manual assignment is desired, it may be per- 
formed by placing the input pin assignment in the ADF 
INPUTS: list and assigning the buried register feedback 
to the same pin in the OUTPUTS: list (Figure 8). Reg- 
isters or equations can only be buried on global macro- 
cells, since local macrocells only have one feedback 
path that is used for either the register or the pin feed- 
back. 
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PART: 
5C180 
INPUTS: 
A@15, 
B@lO, 
CLK@17 
OUTPUTS: 
FBK@lO 


% Assign 
input 
B to pin 
10 % 


% Assign 
buried 
reg 
feedback 
FBK % 
% to pin 
10 
(GLOBAL 
macrocell 
9) % 


A = INP(A) 
B = INP(B) 
CLK = INP(CLK) 


PENALTIES: 
There may be a slight timing discrepen- 


cy between the two macrocells 
for combinational 
logic, 


but any discrepency 
will be small « 
2 ns). 
If the LOC is unable to fit the design, there are a couple 
of manual tricks that may help: 


PROBLEM: 
NOT 
ENOUGH 
GLOBAL 
FEED- 
BACK 


PROBLEM: 
NOT 
ENOUGH 
GLOBAL 
FEED- 


BACK 


RESOURCES 
AVAILABLE: 
EXTRA 
MACRO- 


CELLS 
TRICK: 
Send out the signal that needs to be global and 


externally 
connect it to one of the input pins. 
TRICK: 
Duplicate 
the macrocelliogic 
that needs to be 
global in two (or more) 
regions 
with appropriate 
re- 


naming (see Figure 9). 


EXPLANATION: 
Inputs 
feed the global bus, making 


the signal available in all quadrants. 


EXPLANATION: 
This makes the signal available 
in 


two regions via two local macrocells 
rather 
than one 
which can't be global. 


PENALTIES: 
An output 
butTer plus input butTer mi- 


nus feedback delay is added (approximately 
25 ns). An 


external 
connection 
must be made on the board. 
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NOTE: 
For the previous tricks, look at the Utilization Report 
(.RPT) file. The "Interconnect Cross Reference" is 
particularly useful for examining the routing require- 
ments of the design. 


If the previous tricks cannot be done (see Figure II) 
and scrutinization of the Interconnect Cross Reference 
reveals no other way to achieve the desired routing, 
repartitioning is necessary. That is, place a chunk of 
interconnected logic into a 5C060 or 5C090 and go 
back to the start. 


Fitting the 5CI80 is a process with many stages. One 
difficultymay hide the next and fixingone problem will 
sometimesuncover another. Equipped with the iPLS II 
LOC and a few tricks, however, fitting can be accom- 
plished. 
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When comparing logic alternatives, too often the out- 
come is dominated by the piece price of the compo- 
nents. A side by side comparison based on component 
costs only, may give the appearance that EPLDs are 
cost prohibitive. However, when the overall cost of 
manufacturing a system is considered, the higher inte- 
gration of EPLDs proves to be a cost-effective solution. 


This application note examines the total costs associat- 
ed with designing, prototyping, and manufacturing 
a 


system. Once these costs have been examined, a com- 
parison is made between EPLDs and other logic alter- 
natives. By being aware of these additional costs, the 
engineer can make a more accurate cost comparison as 
a design is begun. 


Costs can be difficult to pinpoint, let alone measure. 
However, with a bit of examination, we can break down 
costs into the following categories; 
• Design costs 
- 
the cost of conceiving a product 


• Prototype costs 
- 
first implementation of the prod- 
uct idea 


• Production costs - 
volume 
manufacturing 
of 
the 


product 


Usually, the brunt of the cost for the first two catego- 
ries is dismissed as NRE (non recurring expense). The 
effect of these costs on the overall project is examined 
later, let's look at the third category. Production costs, 
can be further broken down into; 
• Component costs- 
the cost of the parts per board 


• Inspection costs - 
labor 
costs 
for 
receiving 
the 


parts 


• Inventory costs 
- 
the 
cost for storing, 
handling 


and dispensing the parts 
• PCB fabrication - 
the cost for labor and equipment 
used in building a board 


• Integration costs - 
the cost of harnesses, enclosures, 
nuts and bolts etc. 


It's important to understand how the cost of a product 
• 
is affected not only by the cost of the ICs used, but also 
by the other costs listed above. Figure I is a graph 
which shows this relationship. 


intel. 


RESET 


SREQ 
U3 


BPRH 


ilSi 


AEH 


AEH 
LS74 


U3 


Ciii 
lS21 


BeLl< 


292030-2 


RESET 
BREO 


XREQ 


BPRO 


BClK 


BPRN 


RESET~2 
XREQ 
U'" 
0 
Q 
eMDEN 


oAEH 
LS10 


BClK --------~'lS7. 


292030-4 


U" 
1!4U'O 


__ 
~S04 
LS126 
__ 


RESET 
BUSY 
Ull 
LS04 
_ 


AEH 
AEH 


ilSi 


intel· 


The graph shows that as the density of the components 
used in a system progresses from SSI to VLSI, the cost 
for these devices increases. This isn't surprising, denser 
chips cost more to make. At the same time, by using 
denser devices, system hardware cost decreases. This is 
shown by the center line, which encompasses all the 
costs listed above. The bathtub curve above these shows 
the effect that denser ICs has on a system. That is, by 
using higher integration ICs, more functions are re- 
moved from the board. This in turn reduces the cost of 
the system in labor and parts costs. 


A cost-effective product is one that uses the most effi- 
cient logic for the application. It's important to note 
that use of the least expensive component 
may not 
translate into system cost savings. 


PAL' is a registered trademark of MonolithicMemoriesInc. 


Let's explore costs in more detail with an example. The 
example 
used here 
is the 
circuit 
of Figure 
2, a 
MULTIBUS@ I arbiter/controller. 
The circuit is used 
by bus masters arbitrating for control of the bus. Our 
implementation comparison contrasts TTL, PAL', 
and 
EPLD solutions. 


The TTL implementation is typical of many board level 
designs in the sense that 
it relies on inexpensive 
LSTTL. Figure 2 shows that the implementation 
is 


composed of standard logic gates and D-Iatches. The 
component list in Table I shows the circuit breakdown 
in more detailJ201 
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IC 
Type 
DIP 
Icc(mA) 
Area (In2) 
Cost $ 


U1 
LS08 
14 PIN 
8.8 
0.21 
0.18 
U2 
LS74 
14 PIN 
8 
0.21 
0.24 
U3 
LS21 
14 PIN 
4.4 
0.21 
0.22 
U4 
LS10 
14 PIN 
3.3 
0.21 
0.16 
U5 
LS11 
14 PIN 
6.6 
0.21 
0.22 
U6 
LS02 
14 PIN 
5.4 
0.21 
0.17 
U7 
LS27 
14 PIN 
6.8 
0.21 
0.23 
U8 
LS27 
14 PIN 
6.8 
0.21 
0.23 
U9 
LS366 
16 PIN 
21 
0.24 
0.39 
U10 
LS126 
14 PIN 
22 
0.21 
0.39 
U11 
LS04 
14 PIN 
6.6 
0.21 
0.16 


The PAL version of the circuit is shown in Figure 3. 
Two PALs are used due to the requirement of regis- 
tered outputs on several of the signals.(20) 


The complete circuit can also be designed in one 5C060 
EPLD (Figure 4)J18l 
Looking at the three figures 
quickly points out the amount of circuit board space 
required by each version. The three implementations 
are compared side by side in Table 2. 
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Figure 
4. MULTIBUS 
Arblter/Controller-EPLD 
Implementation 


Table 
2. Implementation 
Results 
for Arbiter/Controller 


Item 
TTL 
PLA 
EPLD 


IC Count 
11 
2 
1 
Pin Count 
156 
40 
24 
Interconn 
36 
7 
0 
Area 
2.34 
0.6 
0.36 
ICC(mA) 
100 
240 
15 
Pwr(mW) 
500 
1,200 
75 


• IC Count 
- 
The total chip count 
• Pin Count 
- 
The total number of IC pins 


• Interconnections 
- 
The traces required to con- 
nect logic gates together 
• Area (inches-square)- The sum of the area of alJ ICs 


• Ice (mA) 
- 
The current consumed while 
active 
- 
Total power consumption at 
5VDC. 


Earlier, we noted that production costs consist of many 
variables. UsualJy, these variables are lumped together 
under the term "hidden cost". Although hidden costs 
are kept in mind by engineers, lack of tangible figures 
usually precludes their use in detailed cost breakdowns. 
For this reason, several manufacturers and consulting 
firms have come up with typical costs per IC and per 
pin. 


For example, SOURCE III (San Jose, CA) reports in 
one of their studies that the manufacturing cost of a 
system translates to about 0.35 cents per IC pin. ICE 
Corporation (Scottsdale, AZ) and EDN magazine con- 
cur that the inserted cost of an IC is about $2 dolJars. 
DATAQUEST also published a cost of about $2 to $4 
per IC. While the data seems to be consistent, most 
engineers want to see for themselves how figures like 
these might be arrived at. The next sections provide 
insight into this process. 


The cost of the component is the easiestvalue to obtain. 
A quick call to a distributer or (at worst) a scan 
through the back of BYTE magazine(for TTL) givesus 
this cost. Table 3 shows the breakdown of component 
costs for each version of our MULTIBUS I circuit. 


Package 
TTL 
PLA 
EPLD 


DIP14 
$0.25 
DIP16 
$0.35 
DIP20 
$0.55 
$1.50 
DIP24 
$2.90 
$6.00 


The price of TTL has changed very little for the last 
few years[24]while EPLDs are dropping in price tre- 
mendously. PALs have also leveled off in pricing. 
Why? Figure 5 shows the life cycle curve of IC prod- 
ucts used by the semiconductor industry. From the 
curve we see that TTL is in the stable range and prices 
are not likely to drop much more. PALs are also ma- 
turing and approaching a stable pricing range. EPLDs 
however, are in a growth area and historical1ythis is 
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where the heaviest pricing pressure 
is. This means that 
while EPLDs 
might be expensive (per part) right now, 
it's not out of the question 
to expect a 30% per year 
price reduction 
as the process is honed 
and perfected. 
In other words, it's also important 
to consider the price 
of a component 
at the projected 
production 
date, not 
just at design time. 


Life cycle position 
is also important 
in understanding 
the gate cost that is associated 
with programmable 
logic 
devices 
like PALs 
and 
EPLDs. 
This 
relationship 
is 
shown in Figure 6. The curves translate 
our observation 
that newer devices have steeper price cuts during 
their 
introduction 
phase. The PAL curve shows that the cost 
per gate is leveling ofTdue to the maturity 
of the device. 


In contrast, 
the EPLD 
is in the growth 
region, 
and 
based on the traditional 
price reductions, 
shows a cost 
per gate that intersects 
and bypasses the PAL curve. 


For most companies, 
incoming 
inspection 
is more than 
taking 
the parts 
and putting 
them on the shelf. Most 


have visual checking as well as some form of IC testing. 
The variables 
here are, what amount 
of human 
inter- 


vention 
is needed, 
are automatic 
handlers 
needed, 
are 
"go/no 
go" tests or "binning" 
done automatically? 
The 
typical scenario means that components 
are graded and 
tested individually, 
and then placed into one of several 
bins or kitted. Because the operators 
handle a large va- 
riety of pinned 
devices (resistors, 
capacitors, 
ICs), the 
cost can be distributed 
on a per pin basis. Many compa- 
nies use a penny per pin for this cost.l161 
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$ COST/GATE 


0.03 


While most engineers agree that reducing parts count 
on their board makes the cost of inventory less, they 
usually attribute this to the reduction in component 
costs alone. In reality, the overhead of carrying inven- 
tory is made up of the following factors;(21) 


• Cost of the component 
• Cost of storage 
• Maintenance costs 
• Data processing 


• Usage 
• Taxes insurance and interest 
• Turnover rate 


The American Production and Inventory Control Soci- 
ety (APICS) reports that since 1973 the median cost of 
carrying inventory has been about 25% of total produc- 
tion costs. They also note that the largest contributing 
factors are the cost of materials handling storage, and 
data processing. For simplicity, let's limit our inventory 
cost to these items. 


Depending on the locale of a company, the cost of stor- 
age can vary greatly. However, this cost is charged on a 
square foot per year basis. Lets assume a conservative 
figure of $20 dollars and distribute this amoung the ICs 
in our example circuit. 


Maintenance refers to the cost of handling, counting, 
marking, and auditing each IC. Each production man- 
ager has their own way of keeping tabs on this. One 
way is to charge on a per part basis. A review from 
several production oriented journals cites $0.3 cents as 
the typical handling charge for 16 pin devices.(23) 


Processing[21) usually entails a parts log that tracks 
each part by manufacturer, cost, second source etc. 
Also, monthly shortage reports are quite common as 
are quarterly orders and audits. Limiting this cost to 
paper only, at one sheet of paper per week, per year, at 
a cost of a penny per part type; 


The cost of manufacturing (cutting, etching, drilling) a 
circuit board seems to vary around two pricing meth- 
ods. Some fab houses charge on a square inch basis. 
Others base their price on a gut feeling based on previ- 
ous jobs. The square inch method is the most common. 


Items of interest in evaluating PCB costs are, number 
of ICs, number of traces and vias, and in general, the 
complexity of the board. Traces that are smaller than 
10 mils require extra care in etching. Depending on 
complexity, and additional charge might be added to 
the area cost. This charge covers material loss in case of 
low etch yields. Yield is directly dependent on the num- 
ber of ICs on a board. In other words, more ICs mean 
more holes, tighter traces, and a greater chance of los- 
ing some boards in their processing. The average going 


"lu 
•••."}J.l.lOi;; 
J.J1""J.~~ 
uy aouut 
'+U'1'o lor every two layers. 
This extra charge, however is too subjectiveto consider 
in our comparison. 


There is a real cost involved with traces, which doesn't 
surface until later in the production cycle or on a later 
board revision. A technical paper presented at the 1984 
international Test Conference[l] estimates that the cost 
of a trace on a board is ten to thirty times that of one 
made in silicon. The cost of traces is taken up by: 
• Increased drilling (more traces = 
more vias = 
more holes) 
• Lower PCB yield (smaller mill lines drop the board 


yield) 
• Increased risk of trace to trace shorts (lower reliabil- 
ity) 
• More expensive artwork mods (it costs more to 
move traces around on a board) 
• More expensive PCB mods (cost of cuts, jumpers, 


and rework) 


In our circuit example, an extra trace is that which is 
unnecessary in contrasting implementations. For exam- 
ple, referring to Figure 2, of all the traces required to 
connect/RESET in the TTL implementation, only one 
will be required for the EPLD and PAL circuit (the 
input); the others won't be needed. 


For our comparison, let's take the median value of 
twenty as our multiplying factor. Since a silicon trace 
costs an order of magnitude less than an EPLD gate 
($0.01), the resulting cost of a PCB trace is; 


The cost of assembling a board is largely dependent on 
labor charges and capital. Assembly consists of lead 
forming, component insertion, and soldering. The labor 
charge is hourly and varies between domestic and off- 
shore assembly houses. While machines can certainly 
do lead cutting, crimping, and insertion, human inter- 
vention is still an expensive presence. Assembly costs 
can be charged on a per board or per chip basis. The 
latter is more appropriate for our comparison. The av- 
erage charge (domestically) is about $0.10 per Ie. 


One important result of using high integration parts 
like EPLDs is that the assemblyprocedures (manual or 
automatic) go smoother. This is due to fewer parts be- 
ing handled, and less overheating of the equipment. 
Overall, the industry reports less insertion faults (parts 
stuffed wrong) as denser ICs are used and as insertion 
equipment matures with them. 


Test strategies can vary, but the typical test flow for a 
board[3] is shown in Figure 7. The process is basically 
taking a board through increasing complexity levels of 
testing. For example, ATE might be a bed of nails fix- 
ture that catches 60 percent of the faults. Test bed is 
usually a backplane with all boards known good except 
for the one under test. System test is the final integra- 
tion of all the boards that were tested individually. 
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Errors can occur at any step of the test flow; each time 
this happens, a test loop is initiated. This loop is depict- 
ed in Figure 8. The cost for testing a device depends on 
the cost of the equipment, depreciation, the labor rate, 
and other factors that are company dependent. There 
are several ways to reduce test costs, but the best way is 
to reduce the probability of errors occuring. There is no 
question that as the number of ICs increases, so does 
the probability of error. 


With all things considered, the industry reports a nomi- 
nal test cost of about $0.15 per IC.!27][28] 


The cost of rework is best understood by considering 
the cause of errors in more detail. Errors are typically 
caused by poor board quality, inadequate solder pro- 
cess, tolerance of insertion, and of course, bad chips. 
Table 4 shows the average board fault spectrum. The 
figures are a conclusion reached by EVALUATION 
ENGINEERING 
magazine[lO] as to what the industry 


is currently seeing. The table shows that the majority of 
board errors is due to solder shorts. These errors are 
the result of traces or.lC holes being too close, which is 
what happens on densely populated boards. 


Table 4. Average 
Board Fault Spectrum 


Tolerance 
20% 
Shorts 
40% 
Insertion 
30% 
Bad Parts 
10% 


Of all the material costs associated with rework, the 
main cost is the time spent on a repair. Considering 
that it takes approximately two minutes to desolder, 


insert, resolder, and clean a component pinl9l, one can 
see that more ICs on a board directly affect cost. Repair 
times also increase dramatically on multi-layer boards 
that might have been doubled sided if denser logic was 
used. 


For our comparison, let's assume that our test equip- 
ment is 95% efficient in finding solder faults on the 
first pass (no loop). This leaves 5% of the faults that go 
undetected and eventually must be found and repaired. 
The estimated cost per pin based on a $6.00 hourly 
wage and the two minute repair time is approximately 
$0.02 cents. 


It is important to note that the probability of errors is 
based on a Poisson distribution[8l that increases expo- 
nentially with the number of pins and components. 
This distribution is used in wave solder processing to 
correct for solder errors. Mathematically 
this is ex- 


pressed as: 


p = 
e-nP(np)X 


Xl 


where; P = The probability that a defect will occur 


n = The number of components 
p = The fraction defective 
x = The actual number of defects 


This means that the TIL and PAL version of the arbi- 
ter have a higher probability of error than the EPLD 
version. However, to make our comparison easier, let's 
simplify this to more of a linear relation. For each im- 
plementation, the rework cost per IC is calculated by; 
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AFTER 
PRETEST 
OPERATION 


In most production operations, boards go through sev- 
eral steps of quality inspection. The bare board might 
be inspected after preliminary tests and after system 
tests. Although 100% inspection should theoretically 
eliminate all errors, in real life this rarely happens. The 
main reason for this is the complexity of the production 
and rework loops as shown in Figure 9. 


Quality control's purpose is to remove defective prod- 
ucts and either junk them or rework them, neither of 
which is cost effective. The best approach is to design 
the quality in, not fix it in. One way to design in quality 
is by reducing the possibility of errors and increasing 
the reliability of a product. This is one of the primary 
advantages of dense logic (like EPLDs and PALs) over 
TTL. 


A survey conducted by CIRCUITS MANUFACTUR- 
ING magazine[S]yielded the cost of $10 to $50 dollars 
to inspect, find, and repair a defect on a board. They 
summarized that the actual cost of inspection is about 
$0.004 for each hole on a board. With this in mind, let 
us assume a 100% inspection of our arbiter circuit for 
each implementation. This means that each pin (and 
every trace via) will have to be looked at. The calcula- 
tion for this is; 


Price for 5V,single output, switching power supplies as 
advertised by several vendors is $1.00 per watt. The 
calculation for determining power supply costs in our 
comparison is: 


In addition to the more obvious costs, there are several 
other items that contribute to the "hidden cost" of a 
system. 


Because PALs are a one time programmable type of 
device, full testing can't be done on them without de- 
stroying the user's fuses. For this reason PALs have a 
published programming loss of 2%[20]. The cost for 
this is: 


Programming loss = (PAL IC count x 0.02) x PAL cost 


per IC 


• 
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EPLDs, because they are based on EPROM cells, can 
be programmed for different patterns, fully tested be- 
fore customer delivery, and then erased. The result is a 
near 100% percent programming yield(22). 


Programming fee is the cost of programming a device. 
While many companies have in-house programmers, it 
is quite common for programming to be done by the 
distributor. In some cases, and at low volumes, the pro- 
gramming may be done free of charge. However, at 
larger volumes a programming charge is not uncom- 
mon. The charge varies with volume, programmer 
availability and in general, your state of affairs with the 
distributor. The cost for programming EPLDs and 
PALs is the same per device and averages about $0.25 
cents. 


Although this particular item was not mentioned in the 
inventory section, it plays a very important role in the 
production world. Safety stock[21]is extra ICs ordered 
to cover for unexpected events. Unexpected here might 
be a large unforeseen customer order or simply a bad 
batch of parts. 


While industry seems to strive for the optimum JIT 
(just in time) production[14][16],which stresses mini- 
mal inventory until needed, it's not unusual for produc- 
tion managers to carry a five to ten percent inventory 
buffer depending on the cost of the part. In most cases, 
the larger expensiveparts like microprocessors, periph- 
eral controllers, and other LSI devices are safety 
stocked in smaller quantities. 


Let's assume that the safety stock is to be a maximum 
of 10%. Five percent might be used to cover for the 
unexpected occurrences, and fivefor WIP (work in pro- 
cess) modifications. Since all parts have the same prob- 
ability of unexpected events we can assign that percent- 
age equally. Justifying the second 5% depends on the 
IC technology itself. For instance, WIP modifications 
usually require cuts and jumpers on TTL, therefore it's 
unnecessary to order the additional 5%. In process 
modifications to an EPLD are done simply by repro- 
gramming it, here again there is no need for the addi- 
tional 5%. PALs however cannot be cut and jumpered 
(internally) nor can they be reprogrammed. Also, there 
is the possbility that "on the shelf' PALs will be pro- 
grammed in advance, therefore a WIP mod that im- 
pacts their function means that those parts must be 
obsoleted (junked). In this case, an additional 5% is 
justifiable. 


Let us assume that the production manager reduces 
safety stock by a moderate amount, let's say 3%. In a 
case like this, usually the larger more expensive parts 
are curtailed first. Since EPLDs provide good coverage 
for work in progress and because they are more expen- 
siveby comparison, we can reduce the total safety stock 
to 2% and not compromise our safety margin. Because 
TTL is inexpensiveit tends to suffer more of the "gun- 
shot" approach in testing(7).This means that the use- 
age rate is greater because production technicians tend 
to replace TTL parts with more liberty. For this reason 
let's leave the TTL safety stock as it stands. PALs 
could be reduced, but faced with the fact that the pro- 
gramming yield is 2% and that internal modifications 
can't be made, the production manager might decide 
not to change the safety stock for PALs. These results 
are shown in Table 5. 


TTL 
PAL 
EPLD 


Unexpected 
5% 
5% 
2% 
Events 


WIP 
0 
5% 
0 
MODS 


Total 
5% 
10% 
2% 


While adding caps solvesmany problems due to system 
noise, it also increases the cost of PCB layout, PCB fab, 
and adds an additional burden on all of our other costs. 
For a TTL system, a good de-coupling rule of thumb is 
to use one 0.01 IJofper each synchronous driven gate 
and at least 0.1 IJofper 20 gates regardless of synchro- 
nicity. Engineers recognize the need for decoupling and 
usually take it a step further by using one capacitor per 
Ie. Most boards reflect this practice, which, in itself is 
very good. However, the addition of all these caps is 
definitely measurable, in both component and systems 
cost. 


The average cost of a ceramic capacitor in moderate 
quantities is about half a cent. For our comparison we 
will follow the accepted practice and de-couple each 
TTL, PAL, and EPLD device. Our capacitor cost is 
then: 


intel· 


~"ESCAPE" 
$50 


• STRUCTURED DIAGNOSTICS : 
• LOW SKILL REQUIRED 
• DIAGNOSTICS TIME 
(SECONDS TO MINUTES) 


• UNSTRUCTURED DIAGNOSTICS 
• HIGH SKILL REQUIRED 
• DIAGNOSTICS TIME 
(MINUTES TO HOURS) 


• SAME AS SYSTEM TEST 
+ 
• TRAVEL OVERHEAD 
• "LOST" 
CUSTOMER GOODWILL 


Eventually, 
some place toward 
the end of a production 
line, a board 
becomes 
part of a system. 
At this point it 
is housed 
in an enclosure 
and all the necessary 
cabling 
is done. Even here, however, 
the impact 
of using a par- 
ticular 
IC technology 
can still be felt. 


One very significant 
item that 
the test community 
ac- 
knowledges 
is the cost of "escapes"[4!. 
"Escape" 
is de- 
fined 
as a fault 
that 
goes through 
the early 
stages 
of 
board 
test undetected. 
Figure 
10 shows the escape rela- 
tionship. 
An industry 
rule of thumb 
states that the cost 
to detect 
a fault increases 
by an order 
of magnitude 
at 
each stage. This means 
that if it costs $5 to find a fault 
at the board 
test level, that same fault might cost $50 at 
the system 
level and $500 at the field level. An impor- 
tant 
relationship 
to remember, 
is that 
the 
number 
of 
faults 
per board 
increases 
logarithmically, 
as the num- 
ber of components 
on the board 
increases!6!. 
The cost 
of an "escape" 
is difficult 
to quantify, 
but generally, 
a 
board 
with 
a higher 
component 
count 
has 
a greater 
cost[2)[8!. 


When 
the number 
of components 
or the power require- 
ments 
of a system 
are reduced, 
a reduction 
in cables 
and wiring 
is usually 
expected. 
The cost savings 
here is 
either 
in the elimination 
of cables 
(because 
more 
func- 
tions 
are 
condensed 
into 
an 
IC) 
or the 
reduction 
of 
cable gauge or length (because 
less power is required, 
in 
the 
case 
of EPLDs). 
Also, 
fewer 
cables 
means 
fewer 
cable 
ties, ·connector 
pins, 
and 
mounting 
hardware. 
While 
this is a subjective 
figure, 
lets assume 
that 
the 
distributed 
cost of system 
cables is $0.25 per IC. 


Certain 
applications 
require 
reduced 
packaging 
or en- 
closure 
size. In industrial 
control 
for example, 
each line 
might 
require 
a complete 
system 
to monitor 
it's opera- 
3 


tion. In a case like this, a large bulky box full of boards 
might 
not be appropriate. 
A good example 
of the bene- 
fits that high integration 
logic provide 
enclosures, 
is the 
third market 
versions 
of the popular 
PC. Many 
of these 
companies 
have fully compatible 
versions 
that 
fit on a 


single board. 
EPLDs 
and PALs 
are capable 
of provid- 
ing a cost savings in this respect. 
However, 
while PALs 


approach 
the 
density 
requirements, 
their 
large 
power 
needs render 
them counterproductive 
to the low power 
specs of small 
systems. 
TTL 
is just 
not as effective 
as 


either 
PALs 
or EPLDs. 


For our comparison 
let us assume 
the cost of enclosure 
per chip is $0.75. The calculation 
is: 


Table 
6 shows 
the 
cable 
and 
enclosure 
costs 
for the 
MULTIBUS 
I circuit. 
Although 
the results 
are based 
on assumed 
values, 
we can see that 
a larger 
IC count 
influences 
the burdened 
cost 
of the system. 
Our 
final 
comparison 
will not use these figures, 
but they should 
be considered. 


Table 6. Other Production 
Costs for 
Multibus 
I Circuit 


TTL 
PLA 
EPLD 


Wiring/harness 
$2.750 
$0.500 
$0.250 
Enclosure 
$8.250 
$1.500 
$0.750 
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were done on a Lotus 1-2-3 worksheet that the individ- 
ual engineer can modify with their specific values. The 
worksheet is available, and can be downloaded from the 
Intel EPLD bulletin board. Table 8 shows our calcula- 
tion results for three years of production. 


A compilation of the cost variables for our comparison 
is shown in Table 7a and 7b. Because the cost may 
differ for each company, the comparison calculations 


Inventory: 
Costs 


Incoming 
insp. ($/pin) 
$0.010 
Storage 
($/sq.ft.lyr) 
$20.000 
Maintenance 
($/part) 
$0.030 
Processing 
($/part 
type/yr) 
$0.520 
Safety stock (%) 
2% 


Manufacturing: 
Costs 


PCB fab. ($/sq.in.) 
$0.200 
Assembly 
($/part) 
$0.100 
Test ($/part) 
$0.150 
Rework ($/pin) 
$0.020 
QC ($/pin) 
$0.004 
Power ($/watt) 
$1.000 
Interconn 
$0.020 
Program ($/part) 
$0.250 
Caps. (each) 
$0.005 


(a) 


Integrated 
Circuits 


Component 
Count: 


Package 
TTL 
PLA 
EPLD 
ICs 
Types 


DIP14 
10 
TTL 
10 


DIP16 
1 
PLA 
2 


DIP20 
0 
2 
EPLD 
1 


DIP24 
1 


Circuit Requirements: 
lee (max) 
Interconnects 


TTL circuit (total mAl. 
100 
36 
PLA circuit (total mAl. 
240 
7 
EPLD circuit (total mAl. 
15 
0 


(b) 


AVERAGE COMPONENT COST 


Year 1 
Year 2 
Year 3 


Package 
TTL 
PLA 
EPLD 
TTL 
PLA 
EPLD 
TTL 
PLA 
EPLD 


DIP14 
$0.25 
$0.20 
$0.19 
DIP16 
$0.35 
$0.30 
$0.27 
DIP20 
$0.55 
$2.00 
$0.38 
$1.70 
$0.35 
$1.56 


DIP24 
$6.00 
$4.20 
$2.90 


PRODUCTION 
COSTS 


Year 1 
Year 2 
Year 3 


Item 
TTL 
PLA 
EPLD 
TTL 
PLA 
EPLD 
TTL 
PLA 
EPLD 
(costs per part) 


Components 
$0.259 
$2.000 
$6.000 
$0.209 
$1.700 
$4.200 
$0.197 
$1.560 
$2.900 


Incoming Insp. 
$0.142 
$0.200 
$0.240 
$0.142 
$0.200 
$0.240 
$0.142 
$0.200 
$0.240 


Inventory 


Maintenance 
$0.027 
$0.038 
$0.045 
$0.027 
$0.038 
$0.045 
$0.027 
$0.038 
$0.045 


Storage 
$0.030 
$0.042 
$0.050 
$0.030 
$0.042 
$0.050 
$0.030 
$0.042 
$0.050 


Processing 
$0.473 
$0.520 
$0.520 
$0.473 
$0.520 
$0.520 
$0.473 
$0.520 
$0.520 


Printed CircuitBoard 


Fabrication 
$0.043 
$0.060 
$0.072 
$0.043 
$0.060 
$0.072 
$0.043 
$0.060 
$0.072 


Trace costs 
$0.065 
$0.070 
$0.000 
$0.065 
$0.070 
$0.000 
$0.065 
$0.070 
$0.000 


Assembly 
$0.089 
$0.125 
$0.150 
$0.089 
$0.125 
$0.150 
$0.089 
$0.125 
$0.150 


Board test 
$0.150 
$0.150 
$0.150 
$0.150 
$0.150 
$0.150 
$0.150 
$0.150 
$0.150 


Rework 
$0.014 
$0.020 
$0.024 
$0.014 
$0.020 
$0.024 
$0.014 
$0.020 
$0.024 


QC 
$0.057 
$0.080 
$0.096 
$0.057 
$0.080 
$0.096 
$0.057 
$0.080 
$0.096 


Power Supply 
$0.045 
$0.600 
$0.075 
$0.045 
$0.600 
$0.075 
$0.045 
$0.600 
$0.075 


Total Cost/Part 
$1.393 
$3.904 
$7.422 
$1.343 
$3.604 
$5.622 
$1.331 
$3.464 
$4.322 


Total Cost/System 
$15.321 
$7.808 
$7.422 
$14.771 
$7.208 
$5.622 
$14.641 
$6.928 
$4.322 


Additional Costs/System 


Programming loss 
$0.000 
$0.080 
$0.000 
$0.000 
$0.068 
$0.000 
$0.000 
$0.062 
$0.000 


Safety stock 
$0.143 
$0.400 
$0.120 
$0.115 
$0.340 
$0.084 
$0.109 
$0.312 
$0.058 
Programming fee 
$0.000 
$0.500 
$0.250 
$0.000 
$0.500 
$0.250 
$0.000 
$0.500 
$0.250 
De-coupling caps 
$0.055 
$0.010 
$0.005 
$0.055 
$0.010 
$0.005 
$0.055 
$0.010 
$0.005 


True mfg. cost/system 
$15.518 
$8.798 
$7.797 
$14.941 
$8.126 
$5.961 
$14.804 
$7.813 
$4.635 


• 
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The comparison in component costs shows that the 
EPLD costs more than either a TIL or PAL IC. As 
costs are added, the figures for TIL and PALs begin to 
approach the cost of an EPLD. These are shown on the 
line labeled "Total cost/part". 


The "Total cost/system" line shows the actual cost 
when all the ICs are considered. For the first year, the 
TIL version is the more expensiveimplementation, and 
the EPLD numbers look very favorable. 


The "True mfg. cost/system" line results after addi- 
tional costs are figured in. Here we see that the first 
year, the EPLD version already provides a $1 savings 
over the PAL version, and that the cost of the TIL 
implementation is very high. Also, the inserted cost per 
IC at this point is, $1.15 for TIL, $2.40 for PAL and 
$1.80 for the EPLD. This is in line with the inserted 
costs that we mentioned earlier. 


The production costs for two additional years shows 
that the decreasing price of EPLDs (based on the curve 
of Figure 5) will continue to provide costs savings as 
production ramps up in quantities. 


In terms of functional benefits, the EPLD implementa- 
tion is the most beneficialbecause; 
• The chip count has gone down, one EPLD has re- 
placed II TIL 
ICs in one implementation, and 2 
PALS in the other, reducing the cost and time of: 
-board 
layout 
-board 
fab 
-assembly 
-rework 
• The reliability of the board has increased. Fewer 


components translates into less probability of error. 


• Modifications are easier to make. Instead of cuts 


and jumpers (for TIL), or throwing away a PAL, a 
change is re-programmed. 


• The need for de-coupling caps is reduced. All those 


individual ICs are eliminated and in some cases the 
distributed capacitance of the board may be enough 
de-coupling. 


• Power supply requirements are small. The active 


current 
requirements 
are 
much 
smaller 
with 
EPLDs. This in turn reduces the need for large pow- 
er supplies and fans. 


• Cable requirements and enclosure benefits have been 


improved. Since EPLDs provide better integration 
over TIL and PALs, the size of the system will be 
smaller. This translates into fewer boards and ca- 
bles. 


• Inventory is reduced. One EPLD replaces many 


TIL 
devices. Also, "on the shelf' 
programmed 
EPLDs can be reused in a pinch, PALs can't. 


Less expense and probability of "escapes". The time 
and cost of finding and fixing escape problems is re- 


duced to one reprogrammable IC. In the field, this 
translates into less "down time" for the customer and a 
higher level of customer "goodwill" for the OEM. 


Allows capability for customized hardware. Specific 
customer requirements can be implemented. Also, DIP 
switches and configuration jumpers may not be neces- 
sary in many cases, since configurations can be pro- 
grammed into the EPLD. 


As mentioned earlier, the costs of development are usu- 
ally dismissed as NRE. One reason for this is the diffi- 
culty in pegging down these costs. However, while 
money might be expendable at this stage, time is usual- 
ly critical. Time saved at the front end can make a 
difference in beating the competition to market. The 
following topics are presented for consideration. No 
costs are assigned to them. 


The amount of time spent researching components, 
component sources, and technical data can be very 
large. Designs done with a large IC count require more 
research and analysis time. Higher integration devices 
require learning curve time, but, in the long run this 
tends to reduce research time, especially in future de- 
signs. 


For most companies, prototypes are three to five level 
wire wrap boards built by inhouse technicians or out- 
side contractors. 
During 
prototype fab, a certain 


amount of work has to be done to each IC. Part of this 
work is, adding bypass caps, labeling chips, and lead 
forming. In smaller companies, the board might be 
hand wrapped. Larger companies might use an auto- 
matic wrapper. Once the board is wrapped, a continuity 
check is done on each wire net to insure connections 
and minimize shorts. 


The turn around time for a protoboard is one to two 
weeksand can be shortened by paying a premium price. 
An alternate way of shortening this time is to simplify 
the board by using denser ICs. 


Fixing bugs on a protoboard involves unwrapping and 
wrapping connections, as well as replacing ICs. Making 
mods on a TIL board is very time consuming and error 
prone due to the large numbers of wires. Making mods 
with PALs is expensivesince the part usually has to be 
junked. EPLDs in contrast, are re-programmable and 
lend themselves to all the revisions that are common in 
the early design stages. 
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Figure 11.Time Window Generator, TTL Circuit 
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Artwork quotes are based on several factors. These are, 
board size, number of 16-pin chip equivalents, pad 
count, and the chip to board packing ratio. The chip 
equivalents are calculated by taking the total lead count 
(ICs and discretes) and dividing by 16. Pad count is the 
number of holes in the board. The packing ratio deter- 
mines how much room an IC has around it. This is 
critical because space is needed to place sockets, vias, 
and trace bends. Currently, most service bureaus con- 
sider 0.75 square inches per IC to be the minimum 
packing density. This figure applies to DIPs only, other 
packages like SMT (Surface Mount Technology) will 
improve on this. However, for standard DIPs anything 
less than this might push the board into a multi-layer. 


During schematic evaluation, the bureau doesn't usual- 
ly charge for traces directly. Because they can't foresee 
the exact count, and they don't have time to count 
them on the sheets, they make a judgment based on 
previous jobs. If the board appears to be tight, their 
autorouter (CAD based) won't be as efficient, and more 
hand layout will have to be done. However, as more 
CAD based service bureaus integrate schematic capture 
front ends, the cost of traces and vias will be more 
visible. 


Because the evaluation is subjective, the final cost var- 
ies, and is a combination of charges. However, because 
pad count can be determined easily, the overall price is 
usually gauged against a pad price. 


In applications that involve time-division multiplexing, 
it is useful to have a circuit that windows a specific area 
of the bit stream [27]. The circuit of Figure II is a TIL 
implementation of such a circuit. The idea is to count 
time slots from a known reference and at a certain de- 
code, set and clear a latch. The output of the latch is 
the time window, which might be used for further gat- 
ing in other parts of the circuit. The TIL 
parts list is 


detailed in Table 9. 


The PAL alternative of Figure 12 is comprised of two 
16L8s and one 16R4. While the component count has 
been reduced from nine to three, there are still fourteen 
extra interconnections. 


One 5C060 is needed to integrate the complete circuit. 
Fourteen out of the sixteen EPLD macrocells are used, 
and exernal traces are only the three I/O pins as shown 
in Figure 13. 


The production variables for the window circuit are 
shown in Table lOa and lOb, and the production costs 
in Table 11. The comparison shows three years of sys- 
tem costs for each implementation. 
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Inventory: 
\ 
Costs 


Incoming 
insp. ($/pin) 
$0.010 
Storage 
($/sq.ft./yr) 
$20.000 
Maintenance 
($/part) 
$0.030 
Processing 
($/part 
type/yr) 
$0.520 
Safety stock (%) 
2% 


Manufacturing: 
Costs 


PCB fab. ($/sq.in.) 
$0.200 
Assembly 
($/part) 
$0.100 
Test ($/part) 
$0.150 
Rework ($/pin) 
$0.020 
QC ($/pin) 
$0.004 
Power ($/watt) 
$1.000 
Interconn 
$0.020 
Program ($/part) 
$0.250 
Caps. (each) 
$0.005 


(a) 


Integrated 
Circuits 


Component 
Count: 


Package 
TTL 
PLA 
EPLD 
ICs 
Types 


DIP14 
3 
TTL 
4 
DIP16 
6 
PLA 
2 
DIP20 
3 
EPLD 
1 
DIP24 
1 


Circuit 
Requirements: 
lee (max) 
Interconnects 


TTL circuit (total mAl. 
160 
52 
PLA circuit (total mAl. 
360 
14 
EPLD circuit (total mAl. 
15 
0 


(b) 
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AVERAGE 
COMPONENT 
COST 


Year 1 
Year 2 
Year 3 


Package 
TTL 
PLA 
EPLD 
TTL 
PLA 
EPLD 
TTL 
PLA 
EPLD 


DIP14 
$0.22 
$0.19 
$0.17 


DIP16 
$0.44 
$0.37 
$0.26 


DIP20 
$2.00 
$1.70 
$1.56 
DIP24 
$6.00 
$4.20 
$2.90 


PRODUCTION 
COSTS 


Year 1 
Year 2 
Year 3 


Item 
TTL 
PLA 
EPLD 
TTL 
PLA 
EPLD 
TTL 
PLA 
EPLD 
(costs per part) 


Components 
$0.367 
$2.000 
$6.000 
$0.310 
$1.700 
$4.200 
$0.230 
$1.560 
$2.900 


Incoming Insp. 
$0.153 
$0.200 
$0.240 
$0.153 
$0.200 
$0.240 
$0.153 
$0.200 
$0.240 


Inventory 
Maintenance 
$0.029 
$0.036 
$0.045 
$0.029 
$0.036 
$0.045 
$0.029 
$0.036 
$0.045 


Storage 
$0.032 
$0.042 
$0.050 
$0.032 
$0.042 
$0.050 
$0.032 
$0.042 
$0.050 


Processing 
$0.231 
$0.347 
$0.520 
$0.231 
$0.347 
$0.520 
$0.231 
$0.347 
$0.520 


Printed Circuit Board 


Fabrication 
$0.046 
$0.060 
$0.072 
$0.046 
$0.060 
$0.072 
$0.046 
$0.060 
$0.072 


Trace costs 
$0.116 
$0.093 
$0.000 
$0.116 
$0.093 
$0.000 
$0.116 
$0.093 
$0.000 


Assembly 
$0.096 
$0.125 
$0.150 
$0.096 
$0.125 
$0.150 
$0.096 
$0.125 
$0.150 
Board test 
$0.150 
$0.150 
$0.150 
$0.150 
$0.150 
$0.150 
$0.150 
$0.150 
$0.150 
Rework 
$0.015 
$0.020 
$0.024 
$0.015 
$0.020 
$0.024 
$0.015 
$0.020 
$0.024 


QC 
$0.061 
$0.060 
$0.096 
$0.061 
$0.060 
$0.096 
$0.061 
$0.060 
$0.096 


Power Supply 
$0.069 
$0.600 
$0.075 
$0.069 
$0.600 
$0.075 
$0.069 
$0.600 
$0.075 


Total Cost/Part 
$1.365 
$3.754 
$7.422 
$1.326 
$3.454 
$5.622 
$1.246 
$3.314 
$4.322 


Total Cost/System 
$12.463 
$11.263 
$7.422 
$11.953 
$10.363 
$5.622 
$11.233 
$9.943 
$4.322 


Additional Costs/System 
Programming loss 
$0.000 
$0.120 
$0.000 
$0.000 
$0.102 
$0.000 
$0.000 
$0.094 
$0.000 
Safety stock 
$0.165 
$0.600 
$0.120 
$0.140 
$0.510 
$0.064 
$0.104 
$0.466 
$0.056 
Programming fee 
$0.000 
$0.750 
$0.250 
$0.000 
$0.750 
$0.250 
$0.000 
$0.750 
$0.250 
De-coupling caps 
$0.045 
$0.015 
$0.005 
$0.045 
$0.015 
$0.005 
$0.045 
$0.015 
$0.005 


True mfg. cost/system 
$12.673 
$12.746 
$7.797 
$12.137 
$11.740 
$5.961 
$11.361 
$11.269 
$4.635 
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The production costs again show that the system cost 
for the first year is better with EPLDs. The two consec- 
utive years show that the declining price of EPLDs 
make them an excellent candidate for systems that will 
ramp up production at that time. 


The TTL version of the circuit was implemented with 
MSI counters and decoders. As a result, the PAL im- 
plementation was bound by the number of count bits 
and had to be programmed into two PALs. In circuits 
like this, it is useful to rewire the decode for different 
counts depending on the application. The PAL imple- 
mentation allows this by incorporating the decode and 
output latches into one IC. 


The EPLD implementation tackles the MSI integration 
quite easily and also provides the capability to repro- 
gram the decoder. Since the counter and output latches 
consist of fourteen registered outputs, the sixteen mac- 
rocells of the 5C060 easily accommodate the needed 
functions. 


We have examined the hidden costs of production and 
how they differ for several logic alternatives. By exam- 
ining these costs, we have shown that while an EPLD is 
presently a more expensive part, it's level of integration 
reduces system costs and improves reliability. The fol- 
lowing items should be considered when evaluating log- 
ic alternatives: 


• system cost is determined by more than component 


cost 
• system cost and reliability is influenced by the type 


and amount of components used 
• semiconductors 
have a life cycle that determines 
their present price at design, and at production time 


In summary, when all system costs are considered, 
EPLDs can provide cost savings to the design and pro- 
duction of most board designs. 
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Edge triggered registers (otherwise known as "flip- 
flops") are designed to propagate and store data applied 
to their "D" inputs. If the data applied is HIGH just 
before the clock edge, the Q output 
transitions 
to 


HIGH. If the data applied is LOW just before the clock 
edge, the Q output transitions to LOW. These are the 
two normal states for a register. However, registers 
may be forced into a "metastable" state, in which the 
output either oscillates or simply remains in between a 
HIGH 
and a LOW for a prolonged period. This can 


occur when the register's setup or hold parameters are 
violated; that is, when data input to the register tran- 
sitions too close to the clock edge. Figure I shows the 
three possibilities of when data may arrive with refer- 
ence to the system clock, and when metastability may 
occur. 


HOW METASTABILITY 
AFFECTS 
SYSTEM 
DESIGN 


Most systems have the capability to read input data 
from an asynchronous source such as a keyboard or a 
modem. They are called asynchronous because the tim- 
ing of the data from these sources is not in synchroniza- 
tion with the system clock. This type of data must first 
be synchronized before the system can use it; this usual- 
ly means placing a synchronization 
register stage be- 


tween the asynchronous data source and the rest of the 
system. Because the data is asynchronous, it inevitably 


violates setup and hold requirements of the synchroni- 
zation register at some time during normal operation 
and drives the register into a metastable state. Once in 
the metastable state, the synchronization register even- 
tually resolves to either a HIGH 
or LOW. How easy 


the register can be driven into, and how long it remains 
in the metastable state depends upon noise, ambient 
conditions, and the register's process technology. For 
example, FAST' TIL is more immune to and resolves 
more quickly from a metastable state than LS TIL. 


In some older technologies, register outputs are fed di- 
rectly to the device pin with no intermediate amplifica- 
tion stage. When one of these registers enters a metasta- 
ble state, the voltage at the output pin can be seen to 
oscillate or hover in between HIGH 
and LOW. Intel 


CMOS EPLDs have high gain buffers between the reg- 
ister circuitry and the output pin. The output pins will 
always be at one rail or the other, and therefore will 
never show an in-between or oscillatory state. Instead, 
they manifest metastability by a late transition: when 
metastable, 
the output 
transitions 
appreciably 
later 


than allowed by the normal clock to output 
delay 


(Teo) specification of the device. To guard against the 
effects of metastability, one designs the system to wait a 
sufficient time after the register's specified Teo to en- 
sure valid data from the register. This additional wait 
time after Teo is called TMET. The designer uses the 
device's supplied metastability characteristics, chooses 
a Mean Time Between Failures (MTBF) value that 
meets the target system requirements, and then calcu- 
lates a TMET based upon that MTBF. 


I 
I 


DATA ==><__----- 
__X========*========== 


OUTPUT 
...JX 


Edge A: Data changes before clock; normaloutput transition 
Edge S: Data changes after clock; no output transition 
Edge C: Data changes withclock;output goes metastable 
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Since metastability is a probabilistic quantity, one can- 
not simply say that after a given TMET the register is 
absolutely guaranteed to have resolved, but rather we 
refer to the probability that the register will have re- 
solved. Further, since MTBF is exponential in nature, 
the failure curve is greatly skewed toward early failures. 
For instance, say a given register claims an MTBF of 
100 years for a given TMET. Intuitively, we would ex- 
pect a 50% probability of a failure in the first 100 years. 
However, the probability is actually 63.2% that the 
register will manifest a resolution failure in the first 100 
years. Equation I gives a very close approximation of 
the probability of failure based on the MTBF of each 
synchronizer, the number of systems in use, the number 
of synchronizers on each system, the length of time in 
service, and the number of failures allowable in that 
time. As an example, given ten systems that each have 
five synchronizers with MTBFs of 1000 years, what is 
the possiblity of one failure in five years? Using equa- 
tion I and solving for P (Probability): 


P = 1 - 
(e( -T/MTBF)" 
(U/F)) 


P = 1 - 
( e( -5/1000) 
•• ( 50/1 ) ) 


P = 1 - (0.995 •• 50) 


P = 1 - 
( 0.775 ) 


Where T = time before failure in years, U = number 
of synchronizer units operating, and F = the number 
of failures expected. 


From this equation we can see that the intuitive con- 
cept of MTBF is inadequate, and that an accurate 


failure prediction algorithm is necessary. The concept 
of MTBF is very complicated and may seem unneces- 
sarily technical, but it is essential to know what you're 
getting when a PLD manufacturer 
claims 100 years 


MTBF; that's for one synchronizer alone. Adding more 
synchronizers increases the probability of failure that 
much more. 


Figure 2 shows the simplified diagram of a synchroni- 
zation register feeding the rest of the system, which is 
shown here as simply another register. The minimum 
clock period for a single stage synchronization scheme 
such as this is given by equation 2. The clock period 
cannot be any shorter than the maximum Tea of the 
synchronization register plus the maximum TSU of the 
system plus TMET for the given system conditions. 


Equation 2 solves for the margin afforded by a given 
clock frequency. 


where Fe is the system clock frequency, TSU is the 
system's input data setup to clock edge minimum time, 
Teo is the synchronization regsister's clock to output 
delay, and TMET is the additional time after Teo that 
the designer is willing to wait. Equation 3 allows the 
designer to determine what sort of TMEThe can expect 
for a chosen MTBF. 


where 
T and TW are the metastability characteristic 


constants for the selected synchronization register type, 
MTBF is the mean time between failures expected, Fe 
is the system's clock frequency, and Fo is the average 
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MTBF when TMETis chosen and the other factors are 
known. 


It is important to note that each register within an Intel 
EPLD is independent; if one register should go meta- 
stable, other registers within the deviceare not affected. 
Thus if several macrocell or input registers are used in 
parallel as a byte-wisesynchronizer array, one need not 
be concerned about one register affecting the data in 
another register. The only problem that may arise 
would be if the incoming data bytes had some timing 
skew between the bits that make it up. If one input data 
bit transitioned later than the others, driving it's syn- 
chronizer into metastability, the worst case scenario 
would be that the system would sample the synchroniz- 
ers before that register settled. That would mean that 
the data at that point would most likely be invalid, and 
the next sampled data byte might also be invalid. How- 
ever, with a sufficient TMET to allow for metastable 
settling, the probability of this occurrence can be re- 
duced to a managable level. 
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Each device has two metastability characteristic con- 
stants, T (or "Tau") and Tw, which are used to deter- 
mine the probability of metastable occurrences. As 
shown in Figure 3, this probability decreases at an ex- 
ponential rate, according to the value of T. Tw defines 
the likelihood that the register will enter the metastable 
state in the first place; it is also known as the "failure 
window". Given T and Tw, TMETcan be calculated for 
a chosen MTBF, according to equation 3. 


The metastability constants are determined by running 
the register under test through billions of clock cycles 
with randomly changing input data. For each incre- 
ment of TMET' the number of late transitions are 
counted within a given time period. A late transition is 
when the delay from the clock edge until when the reg- 
ister's output changes takes longer than it's observed 
TCO allows; we interpret that as an occurrence of a 
metastable event. The number of failures recorded for 
each increment of TMET is logged and then run 
through the followingequations, producing T and Tw. 
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n 
(n)2 
n i~1 Xi2 - 
i~1 Xi 
T= 
n 
(n 
)(n 
) 
n .L Xi Yi - 
L Xi 
L Yi 
1=1 
1=1 
1=1 


The X axis is scaled as the TCO + TMET value in 
nanoseconds, and the Y axis is the Natural logarithm of 
the number of seconds between failures (actual number 
of failures recorded divided into the amount of time 
taken to accumulate those failures). Xi and Yi are the 
delay value and log of the failures, respectively, at point 
i. Ni is the number of events recorded at point i, and 
Nci is the number of clock pulses which occurred with- 
in that time. 


When plotted on semi-log paper, the resulting line 
shows the T slope. The Y-axis intercept point is related 
toTw· 


Metastable failure characteristics for each EPLD are 
ascertained by using the setup in Figure 4. The register 
is clocked by a 2MHz, 25% duty cycle pulse, and regis- 
ter data is provided via a IMHz, 50% duty cycle pulse. 
The data is free running with respect to the clock to 
afford truly random data distribution with the base pe- 
riod of about 1 transition per clock cycle. Since the data 
transitions are evenly distributed over the entire clock 


period, we may assume that the data transitions are 
also evenly distributed within the failure window (vio- 
lating setup and hold). The register under test or DUT 
(device under test) clock is provided by the first output 
of a dual pulse generator. The second output is delayed 
by TCO + TMET and fed into the metastable charac- 
terization unit. The output of the DUT is thus sampled 
at TCO + TMET' and it is sampled again aproximately 
100 ns later. If the two samples disagree, the DUT must 
have transitioned after Tco + TMET' and therefore 
must have been metastable. For each metastable event 
detected, a pulse is generated to increment the event 
counter. In about half of the cases, the DUT may enter 
the metastable state and resolve to the same logic level 
as before, and so not give an external indication of me- 
tastability. However, since cases like this will not 'affect 
system performance, 
they are not figured into the 


MTBF equations. 


To run the test, TCO is characterized for ambient con- 
ditions and used as a base delay. The first test begins, 
and the counter catches X metastable failure events for 3 
60 seconds. The number of metastable failures is re- 
corded for that particular TMET' TMET is increased by 
.2 nS and another X events are counted for 60 seconds. 
This is continued until the events get spaced out to 
where less than 100 events occur in 60 seconds, and the 
remaining data points are arrived at by counting 100 
events for X seconds and recording the results appro- 
priately, The results are plotted on semi-log paper, and 
the slope of the resultant curve is T . Since the raw data 
points will most likely not fall along a perfectly straight 
line, the only way to get an accurate value for T is to 
either draw a best-fit line through the data points and 
physically 
measure 
the slope, or to run 
the data 


through equations 5 and 6, given above. 
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METASTABILITY 
DATA FOR INTEL 
EPLDS 


Intel EPLDs are based upon fast, CMOS EPROM pro- 
cess technologies which make them inherently resilient 
against metastability. The metastability charac~eristics 
for each device are dependent upon its design and pro- 
cess technology, thus all Intel EPLDs within a given 
family have similar metastable characteristics. 


The metastability characteristic constants for each Intel 
EPLD are shown in Table 1. Corresponding metastabil- 
ity characteristic curves for each family are shown in 
Figure 3. 


HOW INTEL EPLDS COMPARE 
AGAINST 
OTHER 
PLDS 


The first half of Table 2 lists maximum allowable clock 
frequencies for a single-stage synchronization 
scheme 


for various EPLDs. This determination comes from a 
derivation of equations 2 and 3, with the margin set for 
o nanosecond. The other factors are calculated to give a 
resulting maximum clock frequency. The second half of 
Table 2 shows the TMET values that achieve different 
MTBF levels for several PLD technologies. The me- 
tastability characteristics of the other PLDs were deter- 
mined empirically using the same bench testing method 
as the Intel EPLDs. It is easy to see that Intel EPLDs 
have very good metastable resolution characteristics 
when compared against other technologies. 


Device 
T 
Tw 


5C031 
0.82 ns 
5.8 x 
102 


5C032 
0.86 ns 
2.4 x 
10-2 


5C060 
0.90 ns 
4.0 x 
100 
, 


5C090 
2.0 x 
1014 
0.44 ns 


5AC312 
0.42 ns 
1.4 x 
104 


5AC324 
0.35 ns 
8.6 x 
1010 


5AC324 
(Input Registers) 
0.39 ns 
3.0 x 
1019 


85C220 
0.22 ns 
5.2 x 
101 


85C224 
0.24 ns 
4.4 x 
101 


iPLD610/85C060 
0.39 ns 
1.1 x 
10-1 


iPLD910/85C090 
0.28 ns 
1.5 x 
106 


iPLD22V10/85C22V10 
0.43 ns 
3.24 x 
1010 


Margin = 0 ns 
Maximum 
Clock Frequency 
for a Chosen 
MTBF 
FD = 4 MHz 
(Based on Equations 
2 and 3) 


Device 


MTBF 
5C032·30 
5AC312·25 
85C220·80 
16V8A·10 
16R6·7 
85C090·15 


1 Yr 
16 MHz 
22 MHz 
53 MHz 
46 MHz 
26 MHz 
34 MHz 


10 Yrs 
15 MHz 
22 MHz 
51 MHz 
45 MHz 
24 MHz 
34 MHz 


100 Yrs 
15 MHz 
21 MHz 
50 MHz 
44 MHz 
23 MHz 
33 MHz 


1000 Yrs 
15 MHz 
21 MHz 
49 MHz 
43 MHz 
21 MHz 
32 MHz 


FC = 33 MHz 
MTBFs for a Given TMET 
FD = 4 MHz 
(Based on Equation 3) 


Device 


MTBF 
5C032·30 
85C220·80 
16V8A·10 
16R6·7 
85C090·15 


1 Yr 
22.1 ns 
6.3 ns 
3.9 ns 
25.1 ns 
8.9 ns 
10 Yrs 
24.1 ns 
6.8 ns 
4.3 ns 
27.7 ns 
9.6 ns 
100 Yrs 
26.1 ns 
7.3 ns 
4.6 ns 
30.2 ns 
10.2 ns 
1000 Yrs 
28.0 ns 
7.8 ns 
5.0 ns 
32.7 ns 
10.8 ns 


intet 


Every dynamic system which has two stable states can 
enter a metastable state. Each PLD technology has a 
metastable characteristic associated with it, and some 
are less susceptible to metastability than others. By us- 
ing Intel CMOS EPLDs and knowing how to effective- 
ly guard against the effects of metastability, systems 
may be designed to be virtually trouble-free. 
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Reliabilty of the erasable programmable logic devices 
(EPLDs) in your end product is critical to your total 
system reliability. The use of Intel EPLDs can make a 
difference. Intel EPLDs are manufactured on patented 
EPROM processes with proven reliability. 


A quality component is one that meets your specifica- 
tion when received and tested. A reliable component 
continues to meet your specification even years after 
you have shipped your product. While Intel is a quality 
leader, we also adhere to stringent reliability standards 
which we have established for ourselves. 


The true cost of any component involves more than just 
the purchase price. The true component cost encom- 
passes the initial purchase price, cost of rework during 
system production, and the cost of field repairs due to 
component 
failures. "Rework" 
costs during 
system 
production are incurred prior to shipment of your end 
product, and are a function of the quality of the compo- 
nent you purchase. 


Repair costs incurred in the field after end product 
shipments, are a function of the reliability of the com- 
ponents. In addition to the increasing real cost of a 
system field service call, there is the intangible cost of a 
poor reliability reputation to the end user of your prod- 
uct. These costs depend upon the reliability of the com- 
ponents you purchase. Thus, reliability may impact 
costs during the system lifetime more than the initial 
quality of the components! 


The manufacture of a reliable semiconductor device us- 
ing a modem technology is a dynamic and evolutionary 
process. Success of this process is highly dependent 
upon the interplay between knowledgable and experi- 
enced manufacturing 
engineers, materials physicists, 
and responsible/responsive management. Only the cor- 
rect combination can consistantly deliver high volumes 
of a reliable product. In this model, the experienced 
process engineer selects and defines the stresses to be 
performed and the performance criteria to be met, uti- 
lizing appropriate statistical tools and limits. The mate- 
rials physicist then determines the root cause of the 
failure, if and when failure occurs, and provides effec- 
tive solutions and/or 
containment 
recommendations. 


Finally, management provides the resources for the en- 
tire process from initial monitor to root cause correc- 
tive action. 


Reliability is designed into each component Intel man- 
ufactures. From the moment the design is put to paper, 
stringent reliability standards must be met at each step 
for a product to bear the Intel name. 


Designing-in reliability, however, is only the beginning. 
Ongoing tests must be conducted to ensure that the 
original reliability specifications remain as valid in vol- 
ume production as they were when the device was first 
qualified. 


Intel's Reliability Monitor Program, devised to mea- 
sure and control device reliability in production, is a 
proven tool that Intel has used for seven years and is 
now available to its customers. The Monitor Program 
subjects all of Intel's technologies to a 48 hour dynamic 
bum-in at 125"C (with a portion of these devices con- 
tinued for a 1000 hour lifetest) and provides answers 
about device reliability that are not generally available 
from limited testing programs. But it's much more than 
bum-in and device testing. When test rejects are en- 
countered, failure analysis is performed on each failed 
part. Isolating the fault and determining 
the failure 
mechanism is a critical part of the Monitor Program. It 
is the most comprehensive 
reliability program 
any- 
where. 


The paramount objective is to deliver reliable, quality 
devices. Actions that Intel takes to meet this objective 
may include a process or design change, or added reli- 
ability screen. Each decision is made with our custom- 
ers in mind so that they receive the parts-and 
the 
performance-that 
they ordered by specifying Intel. Re- 
liability qualification assures that all new production 
meets Intel's reliability standards. The Reliability Mon- 
itor Program ensures that these high standards are con- 
tinually maintained, day in, day out, over the duration 
of a device's life. This reliability improves the life-time 
reputation of your product, reducing the required num- 
ber of field service calls. 


Intel routinely publishes this "EPLD Reliability Data 
Summary", a continuing update of reliability informa- 
tion covering Intel's EPLD product line. This docu- 
ment includes a discussion on EPLD reliability testing 
methodology and the most current failure rate calcula- 
tions, failure analysis and lifetest results. The "EPROM 
Reliability Data Summary" (order number: 210473 and 
293004) should be used as a supplement to monitor 
EPROM process reliability. 


Intel's commitment to the reliability of our products is 
clearly reflected in the information we make available 
to customers. We believe that supplying detailed reli- 
ability information to our customers is part of the total 
solution Intel offers, and is an important part of Intel's 
leadership in microelectronics technology. 
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Intel EPLDs undergo comprehensive testing to insure 
electrical reliability. This testing is done at qualification 
and/or during ongoing monitor checks. Testing differ- 
ences between plastic and ceramic packaged EPLDs are 
noted. 


Intel continually 
reviews its testing procedures 
and 


makes improvements 
to its methodology 
whenever 


overall reliability can be enhanced. Our goal is to be the 
industry leader in delivering high-quality, reliable parts. 


Information 
on Intel's 
reliability testing procedures 


follows. 


High Temperature 5.25V Dynamic Lifetest- 
This test 


is used to accelerate failure mechanisms by operating 
the devices at an elevated temperature 
of 125°C and 


nominal 
Vcc. 
During 
the test 
the device is pro- 


grammed as a counter, with the inputs and outputs ex- 
ercised, but not monitored or loaded. A pattern with 
greater than 90% of the EPROM cells programmed is 
used to simulate random customer patterns expected 
during actual use. Results of the lifetest have been sum- 
marized along with the failure analysis. Table I lists the 
activation 
energies for various 
failure mechanisms. 
These activation 
energies are used to calculate the 


amount of acceleration due to increased stress tempera- 
ture or voltage (see Appendix A for failure rate calcula- 
tions). 


In order to best determine long-term failure rate, all 
devices used for lifetesting are first subjected to stan- 
dard INTEL testing. The 48 hour bum-in results are an 
indication of infant mortality. These results are not in- 
cluded in the failure rate calculation. (See Figure I for 
typicallifetest 
bias and time diagrams.) 


Failure 
Mechanism 
Ea (ev) 


Oxide 
0.3 


Fabl Assembly 
Defect 
0.5 


SBCL/SBCG/MBCL/MBCG 
0.6 


Contamination 
1.0 


Speed Degradation 
0.3-1.0 


Intrinsic Charge 
Loss 
1.4 


Oxide-An 
Oxide Failure Related Fault 


SBCL-Single 
Bit Charge Loss 
SBCG-8ingle 
Bit Charge Gain 
MBCL--Muitiple 
Bit Charge Loss 


MBCG-Multiple 
Bit Charge Gain 
Contamination-Ionic 
Contamination Failure 
Speed Degradation-Device 
Speed Degraded Over Test 


Failure Rate Calculations-Failure 
rate calculations 


are given for each relevant activation energy. Failure 
rate calculations are made using the appropriate energy 
(1,2,3,4) 
and the Arrhenius Plot as shown in Figure 2. 


The total equivalent device hours at a given tempera- 
ture can be determined. The failure rate is then calcu- 
lated by dividing the number of failures by the equiva- 
lent device hours and is expressed as a %/1000 hours. 
To arrive at a confidence level associated failure rate, 
the failure rate is adjusted by a factor related to the 
number of device hours using a chi-square distribution. 
A conservative estimate of the failure rate is obtained 
by including zero failures at 0.3 eV. Appendix A pro- 
vides example failure rate calculations. 


High Temperature, High Voltage Dynamic Lifetest- 
This test is used to accelerate oxide breakdown failures. 
The test setup is identical to the one used for the dy- 
namic lifetest except Vcc is an elevated voltage. The 
acceleration factor due to this test can be found in Ap- 
pendix A. This data plus the standard dynamic lifetest 
data are used to calculate the 0.3 eV failure rate. 


High Temperature Storage-This 
test is used to accel- 


erate charge loss/gain from the EPROM floating gate. 
The test is performed by subjecting devices containing a 
90% + programmed pattern to a 2500C bake. (I400C 
for plastic) 
with 
no applied 
bias. 
In 
addition 
to 


EPROM cell integrity, this test is used to detect me- 
chanical reliability problems (e.g., bond strength) and 
process stability. This test is sometimes referred to as 
Data Retention Bake Test. 


Temperature Cycle-This 
test consists of cycling the 


temperature of the chamber housing the subject devices 
from -65°C 
to + 1500Cand back. The device is func- 


tionally tested before and after the stress. In addition, 
hermetic packages have fine/gross leak readouts. This 
test is to detect mechanical reliability problems and 
microcracks. 
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Figure 1. EPLD L1fetest/Burn-ln 
Bias and Timing Diagram 
(85C220 Used as Example) 


85/85 Humidity-High 
temperaturelhumidity testing 
is performed to evaluate moisture resistance character- 
istics of plastic-encapsulated components. A 2()()()"hour 
test is performed under static bias conditions at 
85°C/85 percent relative humidity with nominal volt- 
ages. To maximum metal corrosion conditions, the bi- 
asing configuration is either under low power or no 
power, with alternate pins biased at + 5V or av. 


Steam-This 
test consists of exposing parts to water 


vapor at 121°Cand at 2 atmospheres. The devices are 
functionally tested before and after the test. This test is 
used to highly accelerate failure mechanisms effecting 
the bonds, bond pads, and passivation. 


ESD Testing-This 
test is performed to validate the 


products tolerance to Electro Static Discharge damage. 
All products incorporate ESD protection networks 
where needed to ensure the Intel corporate goals of mil- 
itary and charged device ESD testing are met. The mili- 
tary test uses the MIL STD 883 test criteria, while the 
charged device testing is performed to further validate 
protection occurring during mechanical handling. 


Programmability-Device 
programmability is routine- 


ly monitored through the process of programming the 
devices for product monitors and qualifications Pro- 
grammability is a distinct part of a product qualifica- 
tion. All voltage combinations are verified. Program 
margin is measured and tested on :;:,90% of Intel 
EPLD EPROM cells. 


intel· 


1.47 
1.o.v/ 


/ / 


I 
, / 
0.67 


I 
, 
V 
/ 
I 


, J V 
0y 


I / / 
/'" ,/ 


I? 


,/ 


10° 
250 
200 175 150 125 
100 
75 


l/TEIojPERATURE 
OC 


REFERENCES 
1. S. Rosenberg, D. Crook, B. Euzent, "16th Annual 
Proceedings of the International Reliability Physics 
Symposium," pp 19-25, 1978. 
2. J. Caywood, B. Euzent, B. Shiner, "Data Retention 
in EPROMs, " 1980 IEEE International Reliability 
Physics Symposium. 


3. S. Rosenberg, B. Euzent, "HMOS Reliability" Reli- 
ability Report RR-18, Intel Corporation, 1979. 


4. N. Mielke, "New EPROM Data-Loss Mechanisms," 
1983. International Reliability Physics Symposium. 
5. R. M. Alexander, "Calculating Failure Rates From 
Stress Data," April 1984 International Reliability 
Physics Symposium. 


6. "EPROM Reliability Data Summary", Reliability 


Report RR-35, Intel Corporation, 1989, (updated 
regularly). 
7. "EPROM 
Reliability 
Data 
Summary 
CHMOS 
IIIE", Reliability Report RR-67, Intel Corporation, 
1990,order number: 293004. (Updated Regularly). 


8. "Intel Components QualitylReliability Handbook", 


1989,order number: 210997-004. 
9. D. Baglee, L. Nanneman, C. Huang, "28th Annual 
Proceedings of the International Reliability Physics 
Symposium", pp. 12-18, 1990. 


10. E. Anolick, G. Nelson, "17th Annual Proceedings 


of the International Reliability Physics Symposi- 
urn", 1979. 


The followingdata is an accumulation of recent qualifi- 
cation and monitor program results. Failure rate calcu- 
lation methods listed in Appendix A were used to ar- • 
rive at the tabularized failure rates. CERDIP lifetest 
stresses are used to calculate the failure rate for each 
product and should also be used to indicate the failure 
rate of plastic products. 


In reviewingthe reliability data as presented, questions 
may arise as to why lot sizes often decrease from one 
test to another without a corresponding number of 
identified failures. This is due to a variety of factors. 
Many tests require smaller sample sizes and as a result 
all parts from a previous test do not necessarily flow 
through to a succeeding test. 


In addition, various parts are pulled from a sample lot 
when mechanical Qrhandler problems cause failures to 
occur. These "failures" are not a result of the specific 
test just completed. They are removed from the sample 
lot size and are not included in any failure rate calcula- 
tion. It can also happen that a particular test is done 
incorrectly through human error or faulty test equip- 
ment and these suspected "invalid" failures are put 
aside for retesting at a later date, decreasing the lot size 
for a succeedingtest. If these parts are found to be truly 
defective, they are treated as failures and listed. If they 
test out properly, they are removed from any calcula- 
tion data base. 
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Device: 
Organization: 


Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 


Technology: 


85C22VIO 
10 Macrocells 
24 Lead. 300 mil CERDIP and PDIP; 28 Lead PLCC 


108 x 123 mils 
-13K 


CHMOS IIIE, P629.5 
l2.5V 


CMOS 


Burn-In 
12S·C Dynamic 


Package 
L1tetest 
48 Hours 


168 Hours 
SOOHours 
1K Hours 


CEROIP 
1/334 
0/333 
0/170 


PLCC 
0/504 
0/504 


TOTALS 
1/838 
0/837 
0/170 
A 


12S·C High Voltage 
Dynamic 


Package 
Litetest 
(6.SV) 


48 Hours 
168 Hours 
SOOHours 


CEROIP 
0/1819 
0/1818 
0/168 
POIP 
0/336 
0/336 


PLCC 
0/814 
0/814 


TOTALS 
0/2969 
0/2968 
0/168 


Package 
Data Retention 
Bake (CERDIP 
@ 2S0·C, PDIP @ 140·C) 


168 Hours 
SOOHours 
1K Hours 


CEROIP 
0/62 


PLCC 
0/62 


TOTALS 
0/124 
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Package 
Temperature 
Cycling (Condition 
"C"-150°C 
to -65°C) 


200 Cycles 
500 Cycles 
1KCycies 


CERDIP 
0/62 
PDIP 
0/62 
PLCC 
0/62 


TOTALS 
0/186 


Package 
85°C/85% 
Relative 
Humidity 


168 Hours 
500 Hours 
1K Hours 


PDIP 
0/124 
PLCC 
0/126 


TOTALS 
0/250 


Package 
Steam (121°C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/62 
0/62 
PLCC 
0/62 
0/62 


TOTALS 
0/124 
0/124 


Actual 
Equivalent 
Fail Rate In FITs 


Device 
Ea 
Device Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fail 
55°C 
70°C 
55°C 
70°C 


9.54E + 4 
0.3 LT 
5.0E + 5 
3.3E + 5 
2.66E + 5 
0.3 HVL T • VAF 
3.7E + 7 
2.5E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


9.54E + 4 
0.5 LT 
1.5E + 6 
7.6E + 5 
2.66E + 5 
0.5 HVLT 
4.6E + 6 
2.2E + 6 


Total 0.5 eV Failures = 
0 
158 
312 


9.54E + 4 
0.6 LT 
2.6E + 6 
1.2E + 6 
2.66E + 5 
0.6 HVLT 
7.5E + 6 
3.3E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


9.54E + 4 
1.0 LT 
2.4E + 7 
6.1E + 6 
2.66E + 5 
1.0 HVLT 
6.8E + 7 
1.8E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
158 
312 


48 Hour 81 Infant Mortality = 1/2153 
= 0.046% 


• 
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Actual 
Equivalent 
Fail Rate In FITs 


Device 
Ea 
Device Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fail 
55°C 
70°C 
55°C 
70°C 


6.0E + 4 
0.3 LT 
3.0E + 5 
2.0E + 5 
1.4E + 5 
0.3 HVL T • VAF 
1.9E + 7 
1.2E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


6.0E + 4 
0.5 LT 
9.0E + 5 
4.6E + 5 
1.4E + 5 
0.5 HVLT 
2.1E + 6 
1.1E + 6 


Total 0.5 eV Failures = 
0 
306 
595 


6.0E + 4 
0.6 LT 
1.5E + 6 
6.9E + 5 
1.4E + 5 
0.6 HVLT 
3.6E + 6 
1.6E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


6.0E + 4 
1.0 LT 
1.3E + 7 
3.5E + 6 
1.4E + 5 
1.0 HVLT 
3.1E + 7 
8.3E + 6 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
306 
595 


48 Hour Bllnfant 
Mortality = 0/1654 
= 0.00% 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
DeviceHrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
55°C 
70°C 
55°C 
70°C 


1.6E + 5 
0.3 LT 
8.1E + 5 
5.4E + 5 


4.0E + 5 
0.3 HVL T • VAF 
5.3E + 7 
3.5E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


1.6E + 5 
0.5 LT 
2.4E + 6 
1.2E + 6 
4.0E + 5 
0.5 HVLT 
6.0E + 6 
3.1E + 6 


Total 0.5 eV Failures = 
0 
109 
213 


1.6E + 5 
0.6 LT 
4.1E + 6 
1.9E + 6 
4.0E + 5 
0.6 HVLT 
1.0E + 7 
4.6E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


1.6E + 5 
1.0 LT 
3.6E + 7 
9.5E + 6 
4.0E + 5 
1.0 HVLT 
9.0E +'7 
2.4E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
109 
213 


48 Hour Bllnfant 
Mortality = 1/3807 
= 0.026% 
= 532 DPM 
@ 60% Confidence 
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ThetaJa 
= 
ThetaJc 
= 


Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee@ 
125°C = 


50°C/W 
19°C/W 
5.25V 
75mA 
75mA 
75mA 


Temp 
with 
Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) = 


349.5 K 
364.5 K 
419.5 K 
544.5 K 


Thermal Acceleration Factors- 


Llfetest 
(L nand 
Bake (2SO"C) 
High Voltage 
L1fetest 
(HVL n 
Activation 
SsoC 
70"C 
Activation 
SsoC 
70"C 
Energy 
Energy 
0.3 
5.26 
3.49 
0.3 
n/a 
n/a 
• 


0.5 
15.9 
8.04 
0.5 
730 
337 
0.6 
27.7 
12.2 
0.6 
2730 
1080 
1.0 
253 
64.7 
1.0 
n/a 
n/a 


ThetaJa 
= 
ThetaJc 
= 


Vee = 
lee@55°C 
= 
lee@70°C 
= 
lee@ 
125°C = 


66°C/W 
21°C/W 
5.25V 
75mA 
75mA 
75mA 


Temp 
with Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) = 
T(250°C) 
= 


354K 
369K 
424 K 
549 K 


L1fetest 
(L nand 
Bake (140"C) 
High Voltage 
L1fetest 
(HVL n 
Activation 
SsoC 
70"C 
Activation 
SsoC 
70"C 
Energy 
Energy 
0.3 
5.07 
3.40 
0.3 
n/a 
n/a 
0.5 
15.0 
7.68 
0.5 
730 
337 
0.6 
25.7 
11.6 
0.6 
2730 
1080 
1.0 
224 
59.1 
1.0 
n/a 
n/a 


int_l,netaJa 
= 


ThetaJc = 
Vee = 


lee@ 55°C = 
lee@ 70°C = 
lee@ 125°C = 


65°C/W 
21°C/W 
5.25V 
75mA 
75mA 
75mA 


Temp with Thetaja 
Degree Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) = 
T(250°C) = 


354 K 
369 K 
424 K 
549K 


Thermal Acceleration Factors- 


Lifetest 
(LT) and 
High Voltage 
Lifetest 
(HVL T) 


Activation 
550C 
700C 
Energy 
0.3 
5.07 
3.40 
0.5 
15.0 
7.68 
0.6 
25.7 
11.6 


1.0 
224 
59.1 


Bake (140°C) 


Activation 
SsoC 
70°C 
Energy 
0.3 
n/a 
n/a 
0.5 
730 
337 
0.6 
2730 
1080 
1.0 
n/a 
n/a 


Device: 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


85C220 
8 Macrocells 
24 Lead, 300 mil CERDIP and PDIP; 20 Lead PLCC 
89 x 90 mils 
-7K 
CHMOS IIIE, P629.5 
12.5V 
CMOS 


Burn-In 
125°C Dynamic 


Package 
L1fetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/2050 
0/2050 
0/270 
0/270 
PDIP 
0/1995 
0/1995 
0/485 
0/270 


TOTALS 
0/4045 
0/4045 
0/755 
0/540 


Additional 
Readouts: 


CERDIP 
0/90 
@ 2K Hours Lifetest 
PDIP 
0/180 
@ 2K Hours Lifetest 


125°C High Voltage 
Dynamic 


Package 
Lifetest 
(6.5V) 


48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/2048 
0/2048 
0/270 
0/90 
PDIP 
0/400 
0/399 
0/299 
0/199 


TOTALS 
0/2448 
0/2447 
0/569 
0/289 


Additional 
Readouts: 


CERDIP 
0/90 
@ 2K Hours Lifetest 
PDIP 
0/199 
@ 2K Hours Lifetest 


Package 
Data Retention 
Bake (CERDIP 
@ 250°C, PDIP 
@ 140"C) 


168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/300 
0/300 
PDIP 
0/300 
0/300 


TOTALS 
0/600 
0/600 


•• 
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Package 
Temperature 
Cycling (Condition 
"C"-1SO"C 
to -65"C) 


SOOCycies 
1KCycies 
2KCycies 


CERDIP 
0/90 
0/89 
0/89 


PDIP 
0/150 
0/150 
0/150 


PLCC 
0/78 
0/78 


TOTALS 
0/318 
0/317 
0/239 


Package 
8S·C/8S% 
Relative 
Humidity 


SOOHours 
1K Hours 
2K Hours 


PDIP 
0/98 
0/98 
0/48 


PLCC 
0/30 
0/30 


TOTALS 
0/128 
0/128 
0/48 


Package 
Steam (121·C, 2 ATM) 


168 Hours 
336 Hours 
SOOHours 


PDIP 
0/300 
0/300 
0/300 
PLCC 
0/100 
0/100 


TOTALS 
0/400 
0/400 
0/300 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
SS·C 
70·C 
SS·C 
70"C 


5.6E + 5 
0.3 LT 
3.2E + 6 
2.1E + 6 


5.6E + 5 
0.3 HVLT' 
VAF 
8.3E + 7 
5.4E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


5.6E + 5 
0.5 LT 
1.0E + 7 
4.98E + 6 


5.6E + 5 
0.5 HVLT 
1.0E + 7 
4.98E + 6 


Total 0.5 eV Failures = 
0 
44 
91 


5.6E + 5 
0.6 LT 
1.8E + 7 
7.7E + 6 


5.6E + 5 
0.6 HVLT 
1.8E + 7 
7.7E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


5.6E + 5 
1.0 LT 
1.9E + 8 
4.4E + 7 


5.6E + 5 
1.0 HVLT 
1.9E + 8 
4.4E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
44 
91 


48 Hour Bllnfant 
Mortality = 0/4098 
= 0.00% 


inte!. 


Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
feY) 
Fail 
55°C 
70°C 
55°C 
70°C 


7.20E + 5 
0.3 LT 
4.0E + 6 
2.6E + 6 
5.0E + 5 
0.3 HVL T • VAF 
7.2E + 7 
4.7E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


7.20E + 5 
0.5 LT 
1.2E + 7 
6.1E + 6 
5.0E + 5 
0.5 HVLT 
8.6E + 6 
4.25E + 6 


Total 0.5 eV Failures = 
0 
44 
88 


7.20E + 5 
0.6 LT 
2.2E + 7 
9.4E + 6 


5.0E + 5 
0.6 HVLT 
1.5E + 7 
6.5E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


7.20E + 5 
1.0 LT 
2.1E + 8 
5.2E + 7 
5.0E + 5 
1.0 HVLT 
1.5E + 8 
3.6E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
44 
88 


48 Hour Bllnfant 
Mortality = 0/2395 
= 0.00% 


Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% 
UCL) 


Hrs 
feY) 
Fail 
55°C 
70°C 
55°C 
70°C 


1.3E + 6 
0.3·LT 
7.0E + 6 
4.6E + 6 
1.1E + 6 
0.3 HVLT' 
VAF 
1.5E + 8 
1.0E + 8 


Total 0.3 eV Failures = 
0 
0 
0 


1.3E + 6 
0.5 LT 
2.2E + 7 
1.1E + 7 
1.1E + 6 
0.5 HVLT 
1.8E + 7 
9.0E + 6 


Total 0.5 eV Failures = 
0 
23 
46 


1.3E + 6 
0.6 LT 
3.9E + 7 
1.7E + 7 
1.1E + 6 
0.6 HVLT 
3.2E + 7 
1.4E + 7 


Total 0.6 eV Failures = 
0 
0 
0 


1.3E + 6 
1.0 LT 
3.7E + 8 
9.2E + 7 
1.1E + 6 
1.0 HVLT 
3.1E + 8 
7.7E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
23 
46 


48 Hour Bllnfant 
Mortality = 0/2225 
= 0.00% = 142 DPM @ 60% Confidence 


• 


intel· 


Theta Ja = 
68°C/W 
Temp with Theta Ja 
Theta Jc = 
30°C/W 
Degree 
Kelvin 
Vee = 
5.25V 
T(55°C) = 
340.5 K 
Ice @ 55°C = 
35 mA 
T(70°C) = 
355.5 K 
Ice @ 70°C = 
35 mA 
T(125°C) = 
410.5 K 
Ice @ 125°C = 
35 mA 
T(250°C) = 
535.5 K 
Boltzman'sConstant 
= K = 8.62 x 1O-5eV/K 


L1fetest (Lnand 
High Voltage 
L1fetest (HVL n 


Activation 
SsoC 
700C 
Energy 
0.3 
5.71 
3.71 
0.5 
18.3 
8.90 
0.6 
32.7 
13.8 
1.0 
334 
79.2 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


n/a 
730 
2730 
n/a 


n/a 
337 
1080 
n/a 


Other Data (PDIP and PLCC) 


Theta Ja = 
90°C/W 
Temp with Theta Ja 
Theta Jc = 
25°C/W 
Degree 
Kelvin 
Vee = 
5.25V 
T(55°C) = 
344.5 K 


Ice @ 55°C = 
35 mA 
T(70°C) = 
359.5 K 
Ice @ 70°C = 
35 mA 
T(125°C) = 
414.5 K 
Ice @ 125°C = 
35 mA 
T(250°C) = 
539.5 K 
Boltzman'sConstant 
= K = 8.62 x 10-5eV/K 


Thermal Acceleration 
Factors- 


L1fetest (Lnand 
High Voltage 
Lifetest 
(HVL T) 


Activation 
SSOC 
700C 
Energy 
0.3 
5.51 
3.61 
0.5 
17.2 
8.50 
0.6 
30.3 
13.1 
1.0 
295 
72.3 


Failure Analysis 


N/A 


Bake 


Activation 
SsoC 
70°C 
Energy 
0.3 
n/a 
n/a 
0.5 
730 
337 
0.6 
2730 
1080 
1.0 
n/a 
n/a 


Device: 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


85C224 
8 Macrocells 
24 Lead, 300 mil CERDIP and PDlP; 28 Lead PLCC 


99 x 94 mils 
-7K 
CHMOS IIIE, P629.5 
l2.5V 


CMOS 


Burn-In 
125°C Dynamic 


Package 
L1fetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/897 
0/897 
0/255 
0/255 
PDIP 
0/300 
0/300 
0/170 
0/170 


TOTALS 
0/1197 
0/1197 
0/425 
0/425 


125°C High Voltage 
Dynamic 


Package 
Lifetest 
(6.5V) 


48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/728 
1/450 
0/449 
0/449 
PDIP 
0/300 
0/297 
0/297 
0/297 


TOTALS 
0/1028 
1/747 (A) 
0/746 
0/746 


Package 


Data Retention 
Bake (CERDIP 
@ 2500C, PDIP @ 1400C) 


168 Hours 
500 Hours 
1KHours 


CERDIP 
0/300 
0/300 
0/300 
PDIP 
0/200 
0/200 


TOTALS 
0/500 
0/500 
0/300 


Package 
Temperature 
Cycling 
(Condition 
"C"-1500C 
to -65°C) 


500 Cycles 
1KCycies 
2KCycies 


CERDIP 
0/90 
0/90 


PDIP 
0/60 
0/60 


PLCC 
0/60 
0/60 


TOTALS 
0/210 
0/210 


Package 


Steam (121°C, 2 ATM) 


168 Hours 
336 Hours 
500 Hours 


PDIP 
0/200 
0/200 


PLCC 
0/100 
0/100 


TOTALS 
0/300 
0/300 


Actual 
Equivalent 
Fall Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% 
UCL) 


Hrs 
(eV) 
Fall 
55·C 
70·C 
55°C 
70·C 


3.2E + 5 
0.3 LT 
1.9E + 6 
1.2E + 6 
4.3E + 5 
0.3 HVL T· 
VAF 
6.5E + 7 
4.2E + 7 


Total 0.3 eV Failures = 
0 
30 
46 


3.2E + 5 
0.5 LT 
6.1E + 6 
2.9E + 6 
4.3E + 5 
0.5 HVLT 
8.2E + 6 
3.9E + 6 


Total 0.5 eV Failures = 
1 
142 
294 


3.2E + 5 
0.6 LT 
1.1E + 7 
4.6E + 6 
4.3E + 5 
0.6 HVLT 
1.5E + 7 
6.1E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


3.2E + 5 
1.0 LT 
1.2E + 8 
2.7E + 7 
4.3E + 5 
1.0 HVLT 
1.6E + 8 
3.6E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
172 
330 


48 Hour 81 Infant Mortality = 0/1625 
= 0.00% 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
70·C 


1.8E + 5 
0.3 LT 
1.0E + 6 
6.6E + 5 
2.8E + 5 
0.3 HVLT· 
VAF 
4.1E + 7 
2.7E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


1.8E + 5 
0.5 LT 
3.2E + 6 
1.6E + 6 
2.8E + 5 
0.5 HVLT 
5.0E + 6 
2.5E + 6 


Total 0.5 eV Failures = 
0 
111 
227 


1.8E + 5 
0.6 LT 
5.7E + 6 
2.4E + 6 
2.8E + 5 
0.6 HVLT 
8.9E + 6 
3.8E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


1.8E + 5 
1.0 LT 
5.8E + 7 
1.4E + 7 


2.8E + 5 
1.0 HVLT 
9.0E + 7 
2.2E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
111 
227 


48 Hour 81 Infant Mortality = 0/600 
= 0.00% 


intel· 


Actual 
Equivalent 
Fall Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UeL) 


Hrs 
(eV) 
Fall 
55°e 
70 
0e 
55°e 
70 
0e 


5.0E + 5 
0.3 LT 
2.8E + 6 
1.8E + 6 
7.1E + 5 
0.3 HVLT· 
VAF 
1.0E + 8 
6.8E + 7 


Total 0.3 eV Failures = 
0 
19 
29 


5.0E + 5 
0.5 LT 
9.0E + 6 
4.4E + 6 


7.1E + 5 
0.5 HVLT 
1.3E + 7 
6.2E + 6 


Total 0.5 eV Failures = 
1 
93 
190 


5.0E + 5 
0.6LT 
1.6E + 7 
6.8E + 6 
7.1E + 5 
0.6 HVLT 
2.3E + 7 
9.6E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


5.0E + 5 
1.0 LT 
1.6E + 8 
3.9E + 7 
7.1E + 5 
1.0 HVLT 
2.3E + 8 
5.5E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
112 
219 


48 Hour Bllnfant 
Mortality = Of2225 = 0.00% = 412 DPM @ 60% Confidence 


ThetaJa 
= 
ThetaJc 
= 
Vee = 
lee@ 
55°C = 


lee@ 
70°C = 
lee@ 
125°C = 


55°CfW 
20°CfW 
5.25V 
35mA 
35mA 
35mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) = 


338.1 K 
353.1 K 
408.1 K 
533.1 K 


L1fetest (LT) and 
Bake 
High Voltage 
L1fetest (HVL n 
Activation 
55°e 
700e 
Activation 
55°e 
700e 
Energy 
Energy 
0.3 
5.84 
3.77 
0.3 
nfa 
nfa 
0.5 
19.0 
9.15 
0.5 
730 
337 
0.6 
34.2 
14.2 
0.6 
2730 
1080 
1.0 
360 
83.7 
1.0 
nfa 
nfa 


intel· 


ThetaJa 
= 
ThetaJc 
= 


Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee@ 
125°C = 


75°CfW 
22°CfW 
5.25V 
35mA 
35mA 
35mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) 
= 


341.8 K 
356.8 K 
411.8 K 
536.8 K 


L1fetest (LT) and 
Bake 
High Voltage 
Lifetest 
(HVL n 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
5.65 
3.68 
0.3 
nfa 
nfa 
0.5 
17.9 
8.77 
0.5 
730 
337 
0.6 
31.9 
13.5 
0.6 
2730 
1080 
1.0 
321 
76.9 
1.0 
nfa 
nfa 


ThetaJa 
= 
Theta Jc = 


Vee = 
Ice @ 55°C = 
lee@ 
70°C = 
lee@ 
125°C = 


.75°CfW 


22°CfW 
5.25V 
35mA 
35mA 
35mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) 
= 


341.8 K 
356.8 K 
411.8 K 
536.8 K 


Thermal Acceleration 
Factors- 


L1fetest (LT) and 
High Voltage 
Lifetest 
(HVL n 


Activation 
550C 
700C 
Energy 
0.3 
5.65 
3.68 
0.5 
17.9 
8.77 
0.6 
31.9 
13.5 
1.0 
321 
76.9 


Failure Analysis 
A. Leakage failure, 0.5 eV 


Bake 


Activation 
55°C 
70°C 
Energy 
0.3 
nfa 
nfa 
0.5 
730 
337 
0.6 
2730 
1080 
1.0 
nfa 
nfa 


v.e..L.1 


Organization: 
Pinout: 
Die Size: 


Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


16 B Macrocells 
24 Lead, 300 mil CERDIP and PDIP; 28 Lead PLCC 


112 x 136 mils 
-14K 
CHMOS IIIE, P629.5 
12.5V 


CMOS 


Burn-In 
125·C Dynamic 
Package 
Lifetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
1/900 
0/899 
0/270 
0/270 
PDIP 
0/600 
0/600 
0/180 
0/180 


TOTALS 
1/1500A 
0/1499 
0/450 
0/450 


125·C High Voltage Dynamic 
Package 
Lifetest (6.5V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/450 
0/450 
0/450 


PDIP 
0/300 
0/300 
0/300 


TOTALS 
0/750 
0/750 
0/750 


AdditionalReadouts: 
CERDIP 
0/450 
@ 1K Hours HVL T 
PDIP 
0/450 
@ 1K Hours HVL T; 0/450 
@ 2K Hours HVL T 


Package 
Data Retention Bake (CERDIP @ 250·C, PDIP @ 140·C) 


168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/300 
0/300 
PDIP 
0/200 
0/200 


TOTALS 
0/500 
0/500 
• 


infel· 


Package 
Temperature 
Cycling (Condition 
"C"-150°C 
to -65°C) 


500 Cycles 
1KCycies 
2KCycies 


CERDIP 
0/90 
0/90 
PDIP 
0/60 
0/60 
PLCC 
0/110 
0/110 


TOTALS 
0/260 
0/260 


Package 
Steam (121°C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/200 
0/200 
PLCC 
0/100 
1/100 


TOTALS 
0/300 
1/300 


Actual 
Equivalent 
Fail Rate In FITs 


Device 
Ea 
Device Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fail 
55°C 
700C 
55°C 
70°C 


3.3E + 5 
0.3 LT 
1.8E + 6 
1.2E + 6 
4.3E + 5 
0.3 HVLT' 
VAF 
6.0E + 7 
4.0E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


3.3E + 5 
0.5 LT 
5.5E + 6 
2.8E + 6 
4.3E + 5 
0.5 HVLT 
7.1E + 6 
3.6E + 6 


Total 0.5 eV Failures = 
0 
72 
145 


3.3E + 5 
0.6LT 
9.7E + 6 
4.2E + 6 
4.3E + 5 
0.6 HVLT 
1.3E + 7 
5.4E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


3.3E + 5 
1.0 LT 
9.2E + 7 
2.3E + 7 
4.3E + 5 
1.0 HVLT 
1.2E + 8 
3.0E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
72 
145 


48 Hour Bllnfant 
Mortality = 1/2250 
= 0.044% 


infel· 


Actual 
Equivalent 
Fall Rate in FITs 


Device 
Ea 
DevlceHrs 
if 
(60% UCL) 


Hrs 
(eV) 
Fall 
55 


CC 
700C 
55cC 
70cC 


2.2E + 5 
0.3 LT 
1.2E + 6 
7.8E + 5 


2.9E + 5 
0.3 HVLT· 
VAF 
3.9E + 7 
2.6E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


2.2E + 5 
0.5 LT 
3.6E + 6 
1.8E + 6 


2.9E + 5 
0.5 HVLT 
4.6E + 6 
2.3E + 6 


Total 0.5 eV Failures = 
0 
112 
223 


2.2E + 5 
0.6 LT 
6.2E + 6 
2.7E + 6 
2.9E + 5 
0.6 HVLT 
8.0E + 6 
3.5E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


2.2E + 5 
1.0 LT 
5.7E + 7 
1.5E + 7 
2.9E + 5 
1.0 HVLT 
7.4E + 7 
1.9E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
112 
223 


48 Hour BI Infant Mortality = 0/900 
= 0.00% 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
if 
(60% UCL) 


Hrs 
(eV) 
Fail 
55 


CC 
700C 
55cC 
70 


CC 


5.6E + 5 
0.3 LT 
2.9E + 6 
2.0E + 6 


7.1E + 5 
0.3 HVLT· 
VAF 
9.8E + 7 
6.5E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


5.6E + 5 
0.5 LT 
8.9E + 6 
4.5E + 6 


7.1E + 5 
0.5 HVLT 
1.2E + 7 
5.8E + 6 


Total 0.5 eV Failures = 
0 
45 
89 


5.6E + 5 
0.6 LT 
1.6E + 7 
6.8E + 6 


7.1E + 5 
0.6 HVLT 
2.0E + 7 
8.8E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


5.6E + 5 
1.0 LT 
1.4E + 8 
3.6E + 7 


7.1E + 5 
1.0 HVLT 
1.8E + 8 
4.7E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
45 
89 


48 Hour Bllnfant 
Mortality = 1/2250 
= 0.04% = 899 DPM 
@ 60% Confidence 


int'el. 


ThetaJa 
= 


ThetaJc 
= 


Vee = 
lee@ 
55°C = 


lee@ 
70°C = 


lee @ 125°C = 


59°CfW 
18°CfW 
5.25V 
60mA 
60mA 
60mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) 
= 


346.6 K 
361.6 K 
416.6 K 
541.6 K 


L1fetest (LT) and 
Bake 
High Voltage 
L1fetest (HVL T) 
Activation 
SsoC 
70°C 
Activation 
SsoC 
70°C 
Energy 
Energy 
0.3 
5.41 
3.56 
0.3 
nfa 
nfa 
0.5 
16.6 
8.31 
0.5 
730 
337 
0.6 
29.2 
12.7 
0.6 
2730 
1080 


1.0 
277 
69.1 
1.0 
nfa 
nfa 


ThetaJa 
= 
ThetaJc 
= 


Vee = 


lee@ 
55°C = 
lee@ 
70°C = 
lee@ 
125°C = 


67"CfW 
45°CfW 
5.25V 
60mA 
60mA 
60mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) 
= 


349.1 K 
364.1 K 
419.1 K 
544.1 K 


Lifetest 
(LT) and 
Bake 
High Voltage 
L1fetest (HVL T) 
Activation 
SsoC 
70°C 
Activation 
SsoC 
70°C 
Energy 
Energy 
0.3 
5.29 
3.51 
0.3 
nfa 
nfa 
0.5 
16.0 
8.09 
0.5 
730 
337 
0.6 
27.9 
12.3 
0.6 
2730 
1080 
1.0 
257 
65.4 
1.0 
nfa 
nfa 


Theta Ja = 
65°CfW 
Temp with Theta Ja 
Theta Jc = 
16°CfW 
Degree 
Kelvin 
Vee = 
5.25V 
T(55°C) = 
349.1 K 
lee @ 55°C = 
60 mA 
T(70°C) = 
364.1 K 
lee 
@ 70°C = 
60 mA 
T(125°C) = 
419.1 K 
lee @ 125°C = 
60 mA 
T(250°C) = 
544.1 K 


. 
Boltzman's Constant = K = 8.62 X 10-5 
eVfK 


Lifetest 
(LT) and 
High Voltage 
Lifetest 
(HVL T) 
Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


5.29 
16.0 
27.9 
257 


3.51 
8.09 
12.3 
65.4 


Bake 
\ 


Activation 
55°e 
700e 
Energy 
0.3 
nfa 
nfa 
0.5 
730 
337 
0.6 
2730 
1080 
• 


1.0 
nfa 
nfa 


Device: 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 


Programming Voltage: 
Technology: 


85C090 
24 Macrocells 
40 Lead, 600 mil CERDIP and PDIP; 44 Lead PLCC 


136 x 152 mils 
-30K 
CHMOS IIIE, P629.5 
l2.5V 
CMOS 


Burn-In 
125°C Dynamic 


Package 
Llfetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/900 
0/900 
0/90 
0/90 
PDIP 
0/600 
0/600 


TOTALS 
0/1500 
0/1500 
0/90 
0/90 


125°C High Voltage 
Dynamic 


Package 
Llfetest 
(6.5V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/450 
0/450 
0/270 
PDIP 
0/300 
0/300 
0/240 


TOTALS 
0/750 
0/750 
0/510 


Additional 
Readouts: 


CERDIP 
0/270 
@ 1K Hours HVL T 


PDIP 
0/240 
@ 1K Hours HVL T 


Package 
Data Retention 
Bake (CERDIP 
@ 250°C, PDIP 
@ 140°C) 


168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/300 
0/300 


PDIP 
0/200 
0/200 


TOTALS 
0/500 
0/500 


intel· 


Package 
Temperature 
Cycling 
(Condition 
"C"-1S0·C 
to -6S·C) 


SOOCycles 
1KCycies 
2KCycles 


CERDIP 
0/90 
0/90 
PDIP 
0/60 
0/60 
PLCC 
0/149 
0/149 


TOTALS 
0/299 
0/299 


Package 
Steam 
(121·C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/200 
0/200 
PLCC 
0/100 
0/100 


TOTALS 
0/300 
0/300 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
/I 
(60% UCL) 


Hrs 
(eV) 
Fall 
SS·C 
70·C 
SS·C 
700C 


9.0E + 4 
0.3 LT 
4.6E + 5 
3.1E + 5 


2.7E + 5 
0.3 HVL T' 
VAF 
3.6E + 7 
2.4E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


9.0E + 4 
0.5 LT 
1.4E + 6 
7.0E + 5 


2.7E + 5 
0.5 HVLT 
4.1E + 6 
2.1E + 6 


Total 0.5 eV Failures = 
0 
166 
326 


9.0E + 4 
0.6LT 
2.4E + 6 
1.1E+6 


2.7E + 5 
0.6 HVLT 
7.1E + 6 
3.2E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


9.0E + 4 
1.0 LT 
2.1E + 7 
5.5E + 6 


2.7E + 5 
1.0 HVLT 
6.3E + 7 
1.6E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
166 
326 


48 Hour Bllnfant 
Mortality = 0/1350 = 0.00% 


• 


inteJ· 


Actual 
Equivalent 
Fall Rate in FITs 
Device 
Ea 
Device Hrs 
/I 
(60% UCL) 
Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
70·C 


7.2E + 4 
0.3 LT 
3.6E + 5 
2.4E + 5 
2.4E + 5 
0.3 HVLT' VAF 
3.1E + 7 
2.1E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


7.2E + 4 
0.5 LT 
1.1E + 6 
5.4E + 5 
2.4E + 5 
0.5 HVLT 
3.5E + 6 
1.8E + 6 


Total 0.5 eV Failures = 
0 
202 
390 


7.2E + 4 
0.6 LT 
1.8E + 6 
8.1E + 5 
2.4E + 5 
0.6 HVLT 
6.0E + 6 
2.7E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


7.2E + 4 
1.0 LT 
1.5E + 7 
4.1E + 6 
2.4E + 5 
1.0 HVLT 
5.1E + 7 
1.4E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined Failure Rate (FITs) = 
202 
390 


48 Hour Bllnfant Mortality = 0/900 = 0.00% 


Actual 
Equivalent 
Fall Rate In FITs 
Device 
Ea 
Device Hrs 
/I 
'(60% UCL) 
Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
70·C 


1.6E + 5 
0.3 LT 
8.0E + 5 
5.4E + 5 
5.1E + 5 
0.3 HVLT' VAF 
6.6E + 7 
4.5E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


1.6E + 5 
0.5 LT 
2.3E + 6 
1.2E + 6 
5.1E + 5 
0.5 HVLT 
7.4E + 6 
3.8E + 6 


Total 0.5 eV Failures = 
0 
94 
182 


1.6E + 5 
0.6 LT 
4.0E + 6 
1.8E + 6 
5.1E + 5 
0.6 HVLT 
1.3E + 7 
5.7E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


1.6E + 5 
1.0 LT 
3.4E + 7 
9.1E + 6 
5.1E + 5 
1.0 HVLT 
1.1E + 8 
2.9E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined Failure Rate (FITs) = 
94 
182 


48 Hour Bllnfant Mortality = 0/2250 = 0.00% = 408 DPM @ 60% Confidence 


intel· 


Theta Ja = 
44SCfW 
Temp with Theta Ja 
Theta Jc = 
17°CfW 
Degree 
Kelvin 


Vee = 
5.25V 
T(55°C) = 
353.5 K 


lee @ 55°C = 
105 mA 
T(70°C) = 
368.5 K 
lee 
@ 70°C = 
105 mA 
T(125°C) = 
423.5 K 


lee @ 125°C = 
105 mA 
T(250°C) = 
548.5 K 
Saltzman's Constant = K = 8.62 X 10-5 
eVfK 


Thermal Acceleration Factors- 


Lifetest 
(LT) and 
High Voltage 
L1fetest (HVL n 


Activation 
550C 
700C 
Energy 


0.3 
5.13 
3.43 
0.5 
15.3 
7.8 
0.6 
26.3 
11.8 


1.0 
233 
60.9 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


nfa 
730 
2730 
nfa 


nfa 
337 
1080 
nfa 


Other Data (PDIP) 


Theta Ja = 
51°CfW 
Temp with Theta Ja 


Theta Jc = 
29°CfW 
Degree 
Kelvin 
Vee = 
5.25V 
T(55°C) = 
356.1 K 
lee @ 55°C = 
105 mA 
T(70°C) = 
371.1 K 
lee @ 70°C = 
105 mA 
T(125°C) = 
426.1 K 
lee @ 125°C = 
105 mA 
T(250°C) = 
551.1 K 
Saltzman's Constant = K = 8.62 x 10 - 5 eVfK 


L1fetest (Lnand 
Bake (140°C) 
High Voltage 
Llfetest 
(HVL n 


Activation 
55°C 
70°C 
Activation 
55°C 
700C 
Energy 
Energy 
0.3 
4.98 
3.3~ 
0.3 
nfa 
nfa 


0.5 
14.5 
7.52 
0.5 
730 
337 
0.6 
24.8 
11.3 
0.6 
2730 
1080 


1.0 
211 
56.5 
1.0 
nfa 
nfa 


• 


intel.. 


Theta Ja = 
55°CfW 
Temp with Theta Ja 
Theta Jc = 
16°CfW 
Degree 
Kelvin 
Vee = 
5.25V 
T(55°C) = 
356.1 K 
lee @ 55°C = 
105 mA 
T(70°C) = 
371.1 K 
lee @ 70°C = 
105 mA 
T(125°C) = 
426.1 K 
lee @ 125°C = 
105 mA 
T(250°C) = 
551.1 K 
Boltzman's Constant = K = 8.62 X 10-5 
eVfK 


Thermal Acceleration 
Factors- 


L1fetest (LT) and 
High Voltage 
Llfetest 
(HVL T) 


Activation 
550C 
700C 
Energy 
0.3 
4.98 
3.35 
0.5 
14.5 
7.52 
0.6 
24.8 
11.3 
1.0 
211 
56.5 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


55°C 


nfa 
730 
2730 
nfa 


nfa 
337 
1080 
nfa 


Failure Analysis 


N/A 


infel· 


Device: 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


85C508 
Decoder/Latch 
PLD 


28 Lead, 300 mil CERDIP and PDIP; 28 Lead PLCC 


65 x 98 mils 
-10K 
CHMOS IIIE, P629.5 


12.5V 
CMOS 


Burn-In 
125·C Dynamic 


Package 
Lifetest 
48 Hours 
168 Hours 
1K Hours 
2K Hours 


CERDIP 
0/1200 
0/1195 
0/270 


PDIP 
1/800 
0/799 
0/180 


TOTALS 
1/2000 
0/1994 
0/450 
A 


125·C High Voltage 
Dynamic 


Package 
Lifetest 
(6.5V) 


48 Hours 
168 Hours 
1K Hours 


CERDIP 
1/599 
0/599 
0/270 
PDIP 
0/399 
0/399 
0/180 


TOTALS 
1/998 
0/998 
0/450 


Package 
Data Retention 
Bake (CERDIP 
@ 250·C, PDIP 
@ 140·C) 


168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/300 
0/300 


PDIP 
0/200 
0/200 


TOTALS 
0/500 
0/500 


• 


infel.. 


Package 
Temperature 
Cycling 
(Condition 
"C"-150·C 
to -65·C) 


500 Cycles 
1KCycies 
2KCycies 


CERDIP 
0/150 
0/150 


PDIP 
0/100 
0/100 


PLCC 
0/60 
0/60 


TOTALS 
0/310 
0/310 


Package 
Steam 
(121·C, 2 ATM) 


168 Hours 
336 Hours 
500 Hours 


PDIP 
0/200 
0/200 
0/200 
PLCC 
1/600 
0/60 


TOTALS 
0/260 
0/260 
0/200 


Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
70·C 


3.7E + 5 
0.3 LT 
2.2E + 6 
1.4E + 6 


3.0E + 5 
0.3 HVLT' 
VAF 
4.5E + 7 
2.9E + 7 


Total 0.3 eV Failures 
= 
0 
0 
0 


3.7E + 5 
0.5 LT 
7.1E + 6 
3.4E + 6 


3.0E + 5 
0.5 HVLT 
5.7E + 6 
2.7E + 6 


Total 0.5 eV Failures 
= 
0 
71 
151 


3.7E + 5 
0.6 LT 
1.3E + 7 
5.2E + 6 


3.0E + 5 
0.6 HVLT 
1.0E + 7 
4.2E + 6 


Total 0.6 eV Failures 
= 
0 
0 
0 


3.7E + 5 
1.0 LT 
1.4E + 8 
3.1E + 7 


3.0E + 5 
1.0 HVLT 
1.1E + 8 
2.5E + 7 


Total 1.0 eV Failures 
= 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
71 
151 


48 Hour Bllnfant 
Mortality 
= 0/1799 
= 0.00% 


intel· 


Actual 
Equivalent 
Fail Rate in FITs 
Device 
Ea 
Device Hrs 
# 
(60% UCL) 
Hrs 
(eV) 
Fall 
SS·C 
70·C 
SS·C 
700C 


2.5E + 5 
0.3 LT 
1.4E + 6 
9.1E + 5 
2.0E + 5 
0.3 HVL T • VAF 
3.0E + 7 
1.9E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


2.5E + 5 
0.5 LT 
4.6E + 6 
2.2E + 6 
2.0E + 5 
0.5 HVLT 
3.7E + 6 
1.8E + 6 


Total 0.5 eV Failures 
= 
0 
111 
232 


2.5E + 5 
0.6 LT 
8.2E + 6 
3.4E + 6 
- 
2.0E + 5 
0.6 HVLT 
6.6E + 6 
2.7E + 6 


Total 0.6 eV Failures 
= 
0 
0 
0 


2.5E + 5 
1.0 LT 
8.5E + 7 
1.9E + 7 
2.0E + 5 
1.0 HVLT 
6.8E + 7 
1.6E + 6 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
111 
232 


48 HourBllnfantMortality 
= 1/1199 
= 0.08% 


Actual 
Equivalent 
Fail Rate In FITs 
Device 
Ea 
Device Hrs 
# 
(60% UCL) 
Hrs 
(eV) 
Fall 
SS·C 
70·C 
SS·C 
70·C 


6.1E + 5 
0.3 LT 
3.6E + 6 
2.3E + 6 
5.0E + 5 
0.3 HVLT· 
VAF 
7.4E + 7 
4.8E + 7 


Total 0.3 eV Failures 
= 
0 
0 
0 


6.1E + 5 
0.5 LT 
1.1E + 7 
5.5E + 6 
5.0E + 5 
0.5 HVLT 
9.2E + 6 
4.4E + 6 


Total 0.5 eV Failures = 
0 
44 
92 


6.1E + 5 
0.6LT 
2.1E + 7 
8.5E + 6 
5.0E + 5 
0.6 HVLT 
1.7E + 7 
6.8E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


6.1E + 5 
1.0 LT 
2.1E + 8 
4.9E + 7 
5.0E + 5 
1.0 HVLT 
1.7E + 8 
3.9E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
44 
92 


48 Hour Bllnfant 
Mortality 
= 1/2998 
= 0.03% 
= 675 DPM 
@ 60% Confidence 


• 


ThetaJa = 
ThetaJc = 


Vee = 
'ee@ 
55 
DC = 
'ee@ 
70 
DC = 
'ee@ 
125 
DC = 


83 
DC/W 
18 
DC/W 
5.25V 
15mA 
15mA 
12mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55 
DC) = 
T(70 
DC) 
= 
T(125 
DC) 
= 
T(250 
DC) 
= 


335 K 
350 K 
403 K 
523 K 


L1fetest (Lnand 
Bake (2S0DC) 
High Voltage 
L1fetest (HVL T) 
Activation 
SSDC 
70DC 
Activation 
SSDC 
70DC 
Energy 
Energy 
0.3 
5.88 
3.76 
0.3 
n/a 
n/a 
0.5 
19.2 
9.10 
0.5 
727 
336 
0.6 
34.6 
14.2 
0.6 
2718 
1075 
1.0 
367 
82.8 
1.0 
n/a 
n/a 


ThetaJa = 
ThetaJc = 


Vee = 
'ee@55 
DC 
= 
'ee@ 
70 


DC = 
'ee@ 
125 


DC = 


100°C/W 
23 
DC/W 
5.25V 
15mA 
15mA 
12mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55 
DC) 
= 
T(70 
DC) 
= 
T(125 
DC) 
= 
T(250 
DC) 
= 


336K 
350 K 
403 K 
413 K 


Thermal Acceleration 
Factors- 


Llfetest 
(LT) and 
High Voltage 
Lifetest 
(HVL T) 


Activation 
SSDC 
70DC 
Energy 


0.3 
5.77 
3.71 
0.5 
18.6 
8.87 
0.6 
33.3 
13.7 
1.0 
345 
78.8 


Failure Analysis 


A. Isb Failure - 
0.3 eV 


Bake (140°C) 


Activation 
SSDC 
70DC 
Energy 
0.3 
n/a 
n/a 
0.5 
38.0 
17.5 
0.6 
78.7 
31.1 
1.0 
n/a 
n/a 


int'el. 


Device: 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


5AC312 
12 Macrocells 
24 Lead, 300 mil CERDIP and PDlP (28 Lead PLCC) 


130 x 189 mils 
~17K 


CHMOS IIIE, P429 
12.5V 


CMOS 


Burn-In 
125°C Dynamic 


Package 
Lifetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
1/3960 
0/2955 
0/183 
0/183 


TOTALS 
1/3960 
0/2955 
0/183 
0/183 
A 


Additional Readouts: 


CERDIP 
0/183 
@ 2K Hours Lifetest 


125°C High Yoltage 
Dynamic 


Package 
Lifetest 
(7.0Y) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/97 
0/93 
0/92 


TOTALS 
0/97 
0/93 
0/92 


Additional Readouts: 
CERDIP 
0/80 
@ 1K Hours High Voltage Lifetest 


Package 
Data Retention 
Bake (CERDIP 
@ 250°C) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/100 
0/99 
0/99 


TOTALS 
0/100 
0/99 
0/99 


Additional Readouts: 
CERDIP 
0/96 
@ 1K Hours, 250·C Bake 
• 


inte!. 


Package 
Temperature 
Cycling (Condition 
"C"-150·C 
to -65·C) 


200 Cycles 
500 Cycles 
1KCycies 


PDIP 
0/234 
0/234 
0/234 


TOTALS 
0/234 
0/234 
0/234 


Package 
85·C/85% 
Relative 
Humidity 


168 Hours 
500 Hours 
1K Hours 


PDIP 
0/219 
0/219 
0/219 


TOTALS 
0/219 
0/219 
0/219 


Additional Readouts: 


PDIP 
0/219 
@ 2K Hours 


Package 
Thermal 
Shock (Condition 
"C"-1500C 
to -65·C) 


50 Cycles 
200 Cycles 
500 Cycles 


PDIP 
0/231 
0/231 
0/231 


TOTALS 
0/231 
0/231 
0/231 


Package 
Steam (121·C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/393 
0/393 
PLCC 
0/304 
0/304 


TOTALS 
0/697 
0/697 


Additional Readouts: 
PDIP 
0/234 
@ 336 Hours of Steam 


intel· 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% 
UCL) 


Hrs 
(eV) 
Fall 
55°C 
70°C 
55°C 
70°C 


6.90E + 05 
0.3 LT 
3.42E + 06 
2.26E + 06 
0 
8.64E + 04 
0.3 HVL T· 
VAF 
3.98E + 07 
2.63E + 07 
0 


Total 0.3 eV Failures = 
0 
0.0 
0.0 


6.90E + 05 
0.5 LT 
9.96E + 06 
5.00E + 06 
0 
8.64E + 04 
0.5 HVLT 
1.25E + 06 
6.26E + 05 
0 


Total 0.5 eV Failures = 
0 
81.7 
162.7 


6.90E + 05 
0.6 LT 
1.70E + 07 
7.42E + 06 
0 
8.64E + 04 
0.6 HVLT 
2.13E + 06 
9.29E + 05 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


6.90E + 05 
1.0 LT 
1.44E + 08 
3.62E + 07 
0 
8.64E + 04 
1.0 HVLT 
1.80E + 07 
4.53E + 06 
0 


Total 1.0 eV Failures = 
0 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
81.7 
162.7 


48 Hour 81 Infant Mortality = 1f3960 = 0.0253% 
= 511 DPM @ 60% Confidence • 


ThetaJa 
= 
ThetaJc 
= 


Vee = 


lee@ 
55°C = 


lee@70°C 
= 
lee@ 
125°C = 


4rCfW 
16°CfW 
5.25V 
80mA 
80mA 
65mA 


Temp 
with 
Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) 
= 


348 K 
363 K 
414 K 
523 K 


Llfetest 
(L T) and 
Bake (250·C) 
High Voltage 
L1fetest 
(HVL T) 


Activation 
55"C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.96 
3.28 
0.3 
nfa 
nfa 
0.5 
14.43 
7.24 
0.5 
727.61 
335.91 
0.6 
24.61 
10.76 
0.6 
2718.18 
1075.15 


1.0 
208.28 
52.47 
1.0 
nfa 
nfa 


ThetaJa 
= 
ThetaJc 
= 


Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee@ 
125°C = 


52°CfW 
16°CfW 
5.25V 
80mA 
80mA 
65mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) = 
T(140°C) = 


349.84 K 
364.84 K 
415.75 
K 
413 K 


Thermal Acceleration 
Factors- 


Llfetest 
(LT) and 
High Voltage 
Llfetest 
(HVL n 


Activation 
SsoC 
70"C 
Energy 
0.3 
4.84 
3.21 
0.5 
13.83 
7.00 
0.6 
23.39 
10.33 
1.0 
191.27 
48.96 


Other Data (PLCC) 


Theta Ja = 
56°CfW 
Theta Jc = 
16°CfW 
Vee = 
5.25V 
lee @ 55°C = 
80 mA 
lee @ 70°C = 
80 mA 
lee@ 
125°C = 
65 mA 


Bake (140°C) 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) = 
T(140°C) 
= 


70°C 


nfa 
17.54 
31.11 
nfa 


nfa 
38.00 
78.65 
nfa 


351.52 K 
366.52 K 
417.11 
K 
413 K 


Llfetest 
(Lnand 
Bake (140°C) 
High Voltage 
Llfetest 
(HVL n 
Activation 
SsoC 
70°C 
Activation 
SsoC 
70°C 
Energy 
Energy 
0.3 
4.74 
3.16 
0.3 
nfa 
nfa 
0.5 
13.37 
6.81 
0.5 
38.00 
17.54 
0.6 
22.46 
9.99 
0.6 
78.65 
31.11 
1.0 
178.85 
46.37 
1.0 
nfa 
nfa 


Voltage Acceleration 
Factor 
(VAF) for HVLT 
on this process is 26 (6.5V) and 93 (7.0V). 


NOTE: 
FIT = Failure 
in Time. 
1 FIT 1= 1 failure 
per 1 x 
109 device 
hours. 


Failure Analysis 
A. I oxide failure 
- 
0.3 eV 


intel· 


Device: 
Organization: 
Pinout: 
Die Size: 


Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


5AC324 
24 Macrocells 
40 Lead, 600 mil CERDIP and PDIP (44 Lead PLCC) 


241 x 187 mils 
-68K 
CHMOS IIIE, P429 
12.5V 
CMOS 


Burn-In 
125°C Dynamic 


Package 
L1fetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
4/5721 
0/2972 
0/401 
0/401 


TOTALS 
4/5721 
0/2972 
0/401 
0/401 


A 


Additional 
Readouts: 


CERDIP 
0/103 @ 2K Hours Lifetest 


125°C High Voltage 
Dynamic 


Package 
L1fetest (7.0V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/113 
0/113 
0/113 


TOTALS 
0/113 
0/113 
0/113 


Additional 
Readouts: 


CERDIP 
0/113 @ 1K Hours High Voltage 
Lifetest 


Package 
Data Retention 
Bake (CERDIP 
@ 2500C) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/99 
0/99 
0/99 


TOTALS 
0/99 
0/99 
0/99 


Additional 
Readouts: 
CERDIP 
0/99 @ 1K Hours, 250°C Bake 


• 


intel· 


Package 
Temperature 
Cycling (Condition 
"C"-150·C 
to -65·C) 


200 Cycles 
500 Cycles 
1000 Cycles 


CERDIP 
0/176 
0/176 
0/176 


PDIP 
0/48 
0/48 
0/48 


Additional 
Readouts: 


CERDIP 
0/176 
@ 1700 Cycles 
PDIP 
0/48 
@ 1700 Cycles 


Package 
85·C/85% 
Relative 
Humidity 


168 Hours 
500 Hours 
1K Hours 


PDIP 
0/291 
0/291 
0/291 


TOTALS 
0/291 
0/291 
0/291 


Package 
Steam (121·C, 
2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/104 
0/104 
PLCC 
0/481 
0/481 


TOTALS 
0/585 
0/585 


Additional 
Readouts: 


PDIP 
0/104 
@ 500 Hours of Steam 
PLCC 
0/333 
@ 500 Hours of Steam 


Actual 
Equivalent 
Fall Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% 
UCL) 


Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
70·C 


7.93E + 05 
0.3 LT 
3.66E + 06 
2.46E + 06 
0 
1.13E + 05 
0.3 HVLT' 
VAF 
4.85E + 07 
3.26E + 07 
0 


Total 0.3 eV Failures = 
0 
0.0 
0.0 


7.93E + 05 
0.5LT 
1.01E + 07 
5.22E + 06 
0 
1.13E + 05 
0.5 HVLT 
1.44E + 06 
7.44E + 05 
0 


Total 0.5 eV Failures = 
0 
79.0 
153.3 


7.93E + 05 
0.6 LT 
1.69E + 07 
7.62E + 06 
0 
1.13E + 05 
0.6 HVLT 
2.40E + 06 
1.09E + 06 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


7.93E + 05 
1.0 LT 
1.30E + 08 
3.44E + 07 
0 
1.13E + 05 
1.0 HVLT 
1.85E + 07 
4.90E + 06 
0 


Total 1.0 eV Failures = 
0 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
79.0 
153.3 


48 Hour Bllnfant 
Mortality = 4/5721 
= 0.0699% 
= 916 DPM @ 60% Confidence 


infel· 


Theta Ja = 
34°C/W 
Temp with Theta Ja 
Theta Jc = 
13°C/W 
Degree Kelvin 
Vee = 
5.25V 
T(55°C) = 
355 K 
lee @ 55°C = 
150 mA 
T(70°C) = 
370 K 
lee @ 70°C = 
150 mA 
T(125°C) = 
420 K 
lee @ 125°C = 
125 mA 
T(250°C) = 
523 K 
Boltzman's Constant = K = 8.62 x 10- 5 eV/K 


Thermal Acceleration Factors- 


Lifetest 
(LT) and 
High Voltage 
Lifetest 
(HVL T) 
Activation 
550C 
700C 
Energy 
0.3 
4.61 
3.10 
0.5 
12.78 
6.59 
0.6 
21.27 
9.60 
1.0 
163.32 
43.38 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


Bake (250°C) 


55°C 
70°C 


n/a 
335.91 
1075.15 
n/a 


n/a 
727.61 
2718.18 
n/a 


Theta Ja = 
43°C/W 
Temp with Theta Ja 
Theta Jc = 
15°C/W 
Degree Kelvin 
Vee = 
5.25V 
T(55°C) = 
361.86 K 
lee @ 55°C = 
150 mA 
T(70°C) = 
376.86 K 
lee @ 70°C = 
150 mA 
T(125°C) = 
426.22 K 
lee @ 125°C = 
125 mA 
T(140°C) = 
413 K 
Boltzman'sConstant 
= K = 8.62 x 10-5eV/K 


Thermal Acceleration Factors- 


Lifetest 
(LT) and 
High Voltage 
Lifetest 
(HVL T) 
Activation 
550C 
700C 
Energy 
0.3 
4.27 
2.91 
0.5 
11.23 
5.94 
0.6 
18.22 
8.48 
1.0 
126.20 
35.25 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


55°C 


n/a 
38.00 
78.65 
n/a 


70°C 


n/a 
17.54 
31.11 
n/a 


Voltage 
Acceleration 
Factor 
(YAF) 
for HVLT 
on this process 
is 26 (6.SV) and 93 (7.0V). 


NOTE: 
FIT = Failure 
in Time. 
1 FIT = 1 failure 
per 1 x 
109 device 
hours. 


A. 2 passivation 
crack 
- 
0.5 eV 
I metal 
stringer 
- 
0.5 eV 
I oxide defect 
- 
0.3 eV 


• 


Device: 


Organization: 


Pinout: 


Die Size: 


Transistor 
Count: 


Process: 


Programming 
Voltage: 


Technology: 


5C032 


8 Macrocells 


20 Lead, 300 mil CERDIP 
and PDIP 


86 x 93 mils 
~7K 


CHMOS 
lIE, 
P424 


l2.5V 


CMOS 


Burn-In 
125·C Dynamic 
Package 
L1fetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/2956 
0/2956 
0/299 
2/283 
PDIP 
1/2661 
0/2660 
0/149 
0/146 


TOTALS 
1/5617 
0/5616 
0/448 
2/429 
A 
B 


Additional 
Readouts: 
CERDIP 
0/281 
@ 2K Hours Lifetest 


125·C High Voltage Dynamic 
Package 
Lifetest (6.5V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/200 
0/200 
0/179 


PDIP 
0/150 
1/150 
0/149 


TOTALS 
0/350 
1/350 
0/328 


C 


Additional 
Readouts: 
CERDIP 
0/129 
@ 1K Hours High Voltage 
Lifetest 
PDIP 
0/146 
@ 1K Hours High Voltage 
Lifetest 


Package 
Data Retention Bake (CERDIP @ 250·C, PDIP @ 140·C) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
2/277 
0/146 
0/146 
PDIP 
0/300 
0/298 
0/298 


TOTALS 
2/577 
0/444 
0/444 


0 


Additional 
Readouts: 
PDIP 
0/298 
@ 1K Hours, 140·C Bake 


intel. 


Package 
Temperature 
Cycling (Condition 
"C"-1SO"C 
to -6S·C) 


200 Cycles 
SOOCycles 
1KCycies 


CERDIP 
0/232 
0/75 
0/75 
PDIP 
0/150 
0/149 
0/149 


TOTALS 
0/382 
0/224 
0/224 


Package 
Thermal 
Shock (CondItion 
"C"-1S0·C 
to - 6S·C) 


SO Cycles 
200 Cycles 
SOOCycies 


PDIP 
0/150 
0/150 
0/150 


TOTALS 
0/150 
0/150 
0/150 


Package 
8S·C/8S% 
Relative 
Humidity 


168 Hours 
SOOHours 
1K Hours 


PDIP 
0/263 
0/263 
1/263 


TOTALS 
0/263 
0/263 
1/263 
E 


Package 
Steam (121·C,2 ATM) 


96 Hours 
I 
168 Hours 


PDIP 
0/262 
I 
0/262 


Additional 
Readouts: 


PDIP 
0/262 
@ 500 Hours of Steam 


intel· 


Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% 
UCL) 


Hrs 
(eV) 
Fall 
55°C 
70°C 
55°C 
70°C 


8.76E + 05 
0.3 LT 
4.76E + 06 
3.10E + 06 
0 
1.58E + 05 
0.3 HVL T • VAF 
4.70E + 07 
3.06E + 07 
0 


Total 0.3 eV Failures = 
0 
0.0 
0.0 


8.76E + 05 
0.5 LT 
1.47E + 07 
7.18E + 06 
0 
1.58E + 05 
0.5 HVLT 
2.64E + 06 
1.29E + 06 
0 


Total 0.5 eV Failures = 
0 
52.8 
108.0 


8.76E + 05 
0.6LT 
2.58E + 07 
1.09E + 07 
0 
1.58E + 05 
0.6 HVLT 
4.64E + 06 
1.97E + 06 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


8.76E + 05 
1.0 LT 
2.46E + 08 
5.88E + 07 
2 
1.58E + 05 
1.0 HVLT 
4.43E + 07 
1.06E + 07 
0 


Total 1.0 eV Failures = 
2 
10.7 
44.7 


Combined 
Failure Rate (FITs) = 
63.5 
152.8 


48 Hour 81 Infant Mortality = 0/2956 = 0.0000% 
= 310 DPM @ 60% Confidence 


Other Data {CERDIP} 


Theta Ja = 
83°C/W 
Temp 
with Theta 
Ja 
Theta Jc = 
20°C/W 
Degree 
Kelvin 
Vee = 
5.25V 
T(55°C) = 
341.07 
K 
Ice 
@ 55°C = 
30 mA 
T(70°C = 
356.07 K 
Ice 
@ 70°C = 
30 mA 
T(125°C) = 
408.89 K 
Ice 
@ 125°C = 
25 mA 
T(250°C) = 
523 K 
8oltzman's 
Constant 
= K = 8.62 X 10-5 
eV/K 


L1fetest 
(L nand 
Bake (2500C) 
High Voltage 
L1fetest 
(HVL n 
Activation 
55"C 
700C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
5.43 
3.53 
0.3 
nla 
nla 
0.5 
16.76 
8.19 
0.5 
727.61 
335.91 
0.6 
29.46 
12.48 
0.6 
2718.18 
1075.15 
1.0 
280.99 
67.11 
1.0 
nla 
nla 


infel· 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
if 
(60% 
UeL) 


Hrs 
(eV) 
Fall 
55°e 
700e 
55°e 
700e 


4.42E + OS 
0.3 LT 
2.28E + 06 
1.S0E + 06 
0 
1.48E + OS 
0.3 HVLT· 
VAF 
4.19E + 07 
2.7SE + 07 
0 


Total 0.3 eV Failures = 
0 
20.7 
310S 


4.42E + OS 
O.S LT 
6.81E + 06 
3.38E + 06 
0 
1.48E + OS 
O.S HVLT 
2.28E + 06 
1.13E + 06 
1 


Total O.S eV Failures = 
1 
222.S 
447.7 


4.42E + OS 
0.6LT 
U8E 
+ 07 
S.08E + 06 
0 
1.48E + OS 
0.6 HVLT 
3.93E + 06 
1.70E + 06 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


4.42E + OS 
1.0 LT 
1.0SE + 08 
2.S9E + 07 
0 
1.48E + OS 
1.0 HVLT 
3.S1E + 07 
8.6SE + 06 
0 


Total 1.0 eV Failures = 
0 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
243.2 
479.3 


48 Hour Bllnfant 
Mortality = 1/2661 
= 0.0376% 
= 760 DPM @ 60% Confidence 


Theta Ja = 
109°C/W 
Temp 
with 
Theta 
Ja 
Theta Jc = 
20°C/W 
Degree 
Kelvin 
Vee = 
S.25V 
T(SS°C) = 
345.17 K 
Ice @ 55°C = 
30 mA 
T(70°C) = 
360.17 K 
Ice @ 70°C = 
30 mA 
T(12S°C) = 
412.31 
K 
lee@ 
125°C = 
2S mA 
T(140°C) = 
413 K 
Boltzman'sConstant 
= K = 8.62 x 
10-SeV/K 


L1fetest 
(L T) and 
Bake (1400e) 
High Voltage 
L1fetest 
(HVL T) 
Activation 
55°e 
700e 
Activation 
55°e 
700e 
Energy 
Energy 
0.3 
5.16 
3.39 
0.3 
n/a 
n/a 
O.S 
15.41 
7.66 
O.S 
38.00 
17.54 
0.6 
26.62 
11.50 
0.6 
78.65 
31.11 
1.0 
237.39 
58.60 
1.0 
n/a 
n/a 


Voltage Acceleration Factor (VAF) for HVLT on this process is 55. 


NOTE: 
FIT = Failure 
in Time. 
1 FIT = 1 failure 
per 1 x 
109 device 
hours. 


A. 1 leakage - 
0.5 eV 
B. 2 leakage - 
1.0 eV 


C. 1 leakage - 
0.5 eV 


D. 1 SBCL - 
0.6 eV 
1 passivation defect - 
0.5 eV 
E. 1 passivation defect - 
0.5 eV 


• 


int'el. 


Device: 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


5C060 
16 Macrocells 
24 Lead, 300 mil CERDIP and PDIP (28 Lead PLCC) 


135 x 141 mils 
-14K 
CHMOS lIE, P424 


12.5V 
CMOS 


Burn-In 
12S·C Dynamic 


Package 
L1fetest 
48 Hours 
168 Hours 
SOOHours 
1K Hours 


CERDIP 
0/3969 
0/3969 
0/371 
0/354 
1/2500 
3/2499 
0/100 
0/99 


PDIP 
0/351 
0/351 
0/351 


TOTALS 
1/6469 
3/6819 
0/882 
0/804 
A 
B 


Additional 
Readouts: 


CERDIP 
0/99 
@ 2K Hours Lifetest 
PDIP 
0/351 
@ 2K Hours Lifetest 


12S·C High Voltage 
Dynamic 


Package 
L1fetest 
(6.SV) 


48 Hours 
168 Hours 
SOOHours 


CERDIP 
0/224 
0/201 
2/198 


0/100 
0/100 
0/100 


TOTALS 
0/324 
0/301 
2/298 
C 


Package 
Data Retention 
Bake (CERDIP 
@ 2S00C) 


48 Hours 
168 Hours 
SOOHours 


CERDIP 
0/203 
0/202 
0/202 


0/50 
0/50 
0/50 


TOTALS 
0/253 
0/252 
0/252 


Additional 
Readouts: 
CERDIP 
0/127 
@ 1K Hours, 250·C Bake 


inte!. 


Package 
Temperature 
Cycling 
(Condition 
"C"-150°C 
to -65°C) 


200 Cycles 
500 Cycles 
1KCycies 


CERDIP 
0/307 
1/307 
0/302 


PDIP 
0/350 
0/350 
- 


TOTALS 
0/657 
1/657 
0/302 
0 


Package 
Thermal 
Shock 
(Condition 
"C"-150°C 
to -65°C) 


50 Cycles 
200 Cycles 
500 Cycles 


CERDIP 
0/155 
0/155 
1/155 


TOTALS 
0/155 
0/155 
1/155 


E 


Additional 
Readouts: 
CERDIP 
0/154 
@ 1K Cycles 


Package 
Steam 
(121°C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/100 
0/100 
PLCC 
0/150 
0/150 


TOTALS 
0/250 
0/250 


Additional 
Readouts: 


PDIP 
0/100 
@ 336 Hours of Steam 


Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% 
UCL) 


Hrs 
(eV) 
Fail 
55°C 
70°C 
55°C 
70°C 


1.26E + 06 
0.3 LT 
6.37E + 06 
4.24E + 06 
2 
1.51E + 05 
0.3 HVL T • VAF 
4.20E + 07 
2.79E + 07 
2 


Total 0.3 eV Failures = 
4 
108.6 
163.2 


1.26E + 06 
0.5 LT 
1.88E + 07 
9.54E + 06 
1 
1.51E + 05 
0.5 HVLT 
2.25E + 06 
1.14E + 06 
0 


Total 0.5 eV Failures = 
1 
96.0 
189.1 


1.26E + 06 
0.6 LT 
3.23E + 07 
1.43E + 07 
0 
1.51E + 05 
0.6 HVLT 
3.86E + 06 
1.71E + 06 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


1.26E + 06 
1.0 LT 
2.81E + 08 
7.24E + 07 
0 
1.51E + 05 
1.0 HVLT 
3.36E + 07 
8.66E + 06 
0 


Total 1.0 eV Failures = 
0 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
204.6 
352.2 


48 Hour Bllnfant 
Mortality = 1/6469 
= 0.0155% 
= 313 DPM 
@ 60% Confidence 


• 


ThetaJa = 
ThetaJc = 


Vee = 
lee @55°C = 


'ee@ 
70°C = 
'ee@ 
125°C = 


54°CfW 
17°CfW 
5.25V 
80mA 
80mA 
75mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C = 
T(125°C) = 
T(250°C) = 


350.68 K 
365.68 
K 
419.26 
K 
523 K 


Lifetest 
(LT) and 
Bake (250°C) 
High Voltage 
Lifetest 
(HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
5.07 
3.37 
0.3 
nfa 
nfa 
0.5 
14.94 
7.58 
0.5 
727.61 
335.91 
0.6 
25.66 
11.37 
0.6 
2718.18 
1075.15 
1.0 
223.24 
57.52 
1.0 
nfa 
nfa 


ThetaJa = 
Theta Jc = 


Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
'ee@ 
125°C = 


6rCfW 
22°CfW 
5.25V 
80mA 
80mA 
75mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C = 
T(125°C) 
= 
T(140°C) 
= 


356.14 K 
371.14 K 
424.38 K 
413 K 


Lifetest 
(LT) and 
Bake (140°C) 
High Voltage 
Lifetest 
(HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.81 
3.24 
0.3 
nfa 
nfa 
0.5 
13.70 
7.10 
0.5 
38.00 
17.54 
0.6 
23.13 
10.50 
0.6 
78.65 
31.11 
1.0 
187.72 
50.36 
1.0 
nfa 
nfa 


intel. 


Theta Ja = 
61·CfW 
Temp with Theta Ja 
Theta Jc = 
20·CfW 
Degree Kelvin 
Vee = 
5.25V 
T(55·C) = 
353.62 K 
lee @ 55·C = 
80 mA 
T(70·C) = 
368.62 K 
lee @ 70·C = 
80 mA 
T(125·C) = 
422.02 K 
lee @ 125·C = 
75 mA 
T(140·C) = 
413 K 
Boltzman'sConstant 
= K = 8.62 x 10-SeVfK 


Llfetest 
(LT) and 
Bake (140·C) 
High Voltage 
Lifetest 
(HVL T) 
Activation 
55·C 
70·C 
ActIvatIon 
55·C 
70·C 
Energy 
Energy 
0.3 
4.92 
3.30 
0.3 
nfa 
nfa 
0.5 
14.25 
7.31 
0.5 
38.00 
17.54 
0.6 
24.25 
10.89 
0.6 
78.65 
31.11 
1.0 
203.16 
53.51 
1.0 
nfa 
nfa 


Voltage Acceleration Factor (VAF) for HVLT on this process is 55. 


NOTE: 
FIT = Failure 
in Time. 
1 FIT = 1 failure 
per 1 x 
109 device 
hours. 


Failure Analysis 


A. I oxide defect - 
0.3 eV 
B. 2 oxide defects - 
0.3 eV 
I metal defect- 
0.5 eV 


C. 2 oxide defects - 
0.3 eV 
D. I passivation defect - 
0.5 eV 
E. I passivation defect - 
0.5 eV 
• 


intel· 


Device: 


Organization: 


Pinout: 


Die Size: 


Transistor 
Count: 


Process: 


Programming 
Voltage: 


Technology: 


5C090 


24 Macrocells 


40 Lead, 
600 mil CERDIP 
and PDIP 
(44 Lead PLCC) 


166 x 181 mils 
~30K 


CHMOS 
lIE, 
P424 


12.5V 


CMOS 


Burn-In 
125°C Dynamic 


Package 
Lifetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
1987 
1/2123 
2/2085 
0/170 
0/170 
1989 
3/3934 
3/3931 
0/190 
0/190 
1991 
0/2400 
0/2399 


1992 
0/1200 
0/1196 


TOTALS 
4/9657 
5/9611 
0/360 
0/360 


AdditionalReadouts: 
CERDIP 
0/265 
@ 2K Hours LT (1987 and 1989 material) 


125°C High Voltage 
Dynamic 


Package 
Lifetest 
(6.5V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
1987 
0/170 
1/170 
0/156 
1989 
0/195 
0/195 
0/195 
1991 
0/399 
0/399 
0/399 
1992 
0/200 
0/100 
0/100 


TOTALS 
0/964 
1/864 (C) 
0/850 


Package 
Data Retention 
Bllke 
(CERDIP 
@ 250°C) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
1987 
0/66 
0/66 
0/66 
1989 
0/99 
0/99 
0/99 


TOTALS 
0/165 
0/165 
0/165 
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Package 
Temperature 
Cycling 
(Condition 
"C"-150"C 
to -65·C) 


200 Cycles 
500 Cycles 
1KCycies 


CERDIP 
0/149 
0/141 
1/67 
0 


Package 
Thermal 
Shock 
(Condition 
"C"-150·C 
to -65·C) 


50 Cycles 
200 Cycles 
500 Cycles 


CERDIP 
0/50 
0/50 
1/50 
E 


Package 
85·C/85% 
Relative 
Humidity 


168 Hours 
500 Hours 
1K Hours 


PLCC 
0/172 
0/172 
0/172 


Additional 
Readouts 
PLCC 
0/172 
@ 2K Hours 


Package 
Steam 
(121·C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/153 
0/153 


PLCC' 
3/474 
0/471 
F 


TOTALS 
3/627 
0/624 


Additional 
Readouts: 


PLCC 
0/300 
@ 500 Hours of Steam 


Actual 
Equivalent 
Fall Rate in FITs 


Device 
Ea 
Device 
Hrs 
iF 
(60% UCL) 


Hrs 
(eV) 
Fail 
55·C 
70·C 
55·C 
70"C 


1.43E + 06 
0.3 LT 
7.54E + 06 
4.95E + 06 
0 
2.77E + 05 
0.3 HVLT· 
VAF 
8.04E + 07 
5.28E + 07 
1 


Total 0.3 eV Failures = 
1 
23.0 
35.0 


1.43E + 06 
0.5 LT 
2.28E + 07 
1.13E + 07 
0 
2.77E + 05 
0.5 HVLT 
4.43E + 06 
2.20E + 06 
0 


Total 0.5 eV Failures = 
0 
33.6 
67.6 


1.43E + 06 
0.6 LT 
3.97E + 07 
1.72E + 07 
2 
2,77E + 05 
0.6 HVLT 
7.70E + 07 
3.33E + 06 
0 


Total 0.6 eV Failures = 
2 
65.5 
151.6 


1.43E + 06 
1.0 LT 
3.64E + 08 
8.99E + 07 
0 
2.77E + 05 
1.0 HVLT 
7.07E + 07 
1.74E + 07 
0 


Total 1.0 eV Failures = 
0 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
122.0 
254.2 


48 Hour Bllnfant 
Mortality = 4/7257 
= 0.0554% 
= 722 DPM 
@ 60% Confidence 


• 
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Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
II 
(60% UCL) 


Hrs 
(eV) 
Fall 
55°C 
700C 
55°C 
700C 


4.3E + 5 
0.3 LT 
2.3E + 6 
1.5E + 6 


2.3E + 5 
0.3 HVLT' 
VAF 
3.1E + 7 
2.7E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


4.3E + 5 
0.5 LT 
6.9E + 6 
3.4E + 6 


2.3E + 5 
0.5 HVLT 
3.6E + 6 
1.8E + 6 


Total 0.5 eV Failures = 
0 
87 
176 


4.3E + 5 
0.6 LT 
1.2E + 7 
5.2E + 6 


2.3E + 5 
0.6 HVLT 
6.3E + 6 
2.7E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


4.3E + 5 
1.0 LT 
1.1E + 8 
2.7E + 7 


2.3E + 5 
1.0 HVLT 
5.8E + 7 
1.4E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
87 
176 


48 Hour Bllnfant 
Mortality = 0/4199 = 0.00% = 219 DPM @ 60% Confidence 


ThetaJa 
= 
ThetaJc 
= 


Vee = 


lee@ 
55°C = 


lce@ 
70°C = 
lee @ 125°C = 


36°C/W 
13°C/W 
5.25V 
90mA 
90mA 
80mA 


Temp 
with 
Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) 
= 


345.01 K 
360.01 K 
413.12 K 
523 K 


L1fetest 
(L T) and 
Bake (250°C) 
High Voltage 
L1fetest 
(HVL T) 


Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
5.27 
3.46 
0.3 
n/a 
n/a 
0.5 
15.96 
7.93 
0.5 
727.61 
335.91 
0.6 
27.78 
11.99 
0.6 
2718.18 
1075.15 
1.0 
254.79 
62.82 
1.0 
n/a 
n/a 
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Other Data (PDIP) 


ThetaJa = 
ThetaJc = 
vee = 
lee@55°C 
= 
lee@70°C 
= 
lee@ 
125°C = 


48°C/W 
16°C/W 
5.25V 
90mA 
90mA 
80mA 


Temp with Theta Ja 
Degree Kelvin 
T(SSOC) = 
T(70°C) = 
T(125°C) 
= 
T(140°C) = 


350.68 K 
365.68 K 
418.16 K 
413 K 


L1fetest (LT) and 
Bake (140°C) 
High Voltage L1fetest (HVLT) 
Activation 
55°C 
700C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.96 
3.30 
0.3 
n/a 
n/a 
0.5 
14.41 
7.31 
0.5 
38.00 
17.54 
0.6 
24.56 
10.89 
0.6 
78.65 
31.11 
1.0 
207.54 
53.47 
1.0 
n/a 
n/a 


ThetaJa = 
ThetaJc = 
Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee@ 
125°C = 


48°C/W 
16°C/W 
5.25V 
90mA 
90mA 
80mA 
• 
Temp with Theta Ja 
Degree Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(140°C) 
= 


350.68 K 
365.68 K 
418.16 K 
413 K 


Llfetest (LT) and 
Bake (140°C) 
High Voltage L1fetest (HVLT) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.96 
3.30 
0.3 
n/a 
n/a 
0.5 
14.41 
7.31 
0.5 
38.00 
17.54 
0.6 
24.56 
10.89 
0.6 
78.65 
31.11 
1.0 
207.54 
53.47 
1.0 
n/a 
n/a 


Voltage Acceleration Factor (VAP) for HVLT on this process is 55. 


NOTE: 
FIT = Failure 
in Time. 
1 FIT = 1 failure 
per 1 x 
109 device 
hours. 


Failure Analysis 


A. 1 SBCL - 
0.6 eV 
1 polysilicon defect - 
0.5 eV 
1 metal defect - 
0.5 eV 
I oxide defect - 
0.3 eV 
B. 2 MBCL - 
0.6 eV 


C. 1 oxide defect - 
0.3 eV 
D. 1 open metal - 
0.5 eV 
E. I hermeticity 
F. 3 passivation defects - 
0.5 eV 


Device: 
Organization: 
Pinout: 
Die Size: 


Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


5CI80 
48 Macrocells 
68 Lead PLCC, and PGA 


265 x 182 mils 
-60K 
CHMOS lIE, P424 
12.5V 


CMOS 


Burn-In 
125·C Dynamic 


Package 
Llfetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CEROUAD 
0/378 
0/376 
0/102 
0/102 


TOTALS 
0/378 
0/376 
0/102 
0/102 


125·C High Voltage 
Dynamic 


Package 
Lifetest 
(6.5V) 


48 Hours 
168 Hours 
500 Hours 


CEROUAD 
0/50 
0/43 
0/39 


TOTALS 
0/50 
0/43 
0/39 


Package 
Data Retention 
Bake (CERDIP 
@ 250·C) 


48 Hours 
168 Hours 
500 Hours 


CEROUAD 
0/107 
0/100 
0/100 


TOTALS 
0/107 
0/100 
0/100 


Package 
Temperature 
Cycling 
(Condition 
"C"-150·C 
to -65·C) 


200 Cycles 
500 Cycles 
1KCycies 


PGA 
0/128 
0/128 
0/128 
PLCC 
0/123 
0/123 
0/123 


TOTALS 
0/251 
0/251 
0/251 


Package 
Thermal 
Shock (Condition 
"C"-1500C 
to -65·C) 


50 Cycles 
200 Cycles 
500 Cycles 


PGA 
0/117 
0/117 
0/177 


TOTALS 
0/117 
0/117 
0/177 


Package 


Steam (121·C, 2 ATM) 


96 Hours 
168 Hours 


PLCC 
0/77 
0/77 


TOTALS 
0/77 
0/77 


Additional Readouts: 
PLCC 
0/77 
@ 500 Hours of Steam 
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Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


(eV) 
Fail 
Hrs 
55°C 
70°C 
55°C 
70°C 


1.30E + 05 
0.3 LT 
5.81E + 05 
3.94E + 05 
0 
5.03E + 04 
0.3 HVL T • VAF 
1.24E + 07 
8.39E + 06 
0 


Total 0.3 eV Failures = 
0 
70.6 
104.2 


1.30E + 05 
0.5 LT 
1.58E + 06 
8.25E + 05 
0 
5.03E + 04 
0.5 HVLT 
6.11E + 05 
3.20E + 05 
0 


Total 0.5 eV Failures = 
0 
0.0 
0.0 


1.30E + 05 
0.6 LT 
2.60E + 06 
1.19E + 06 
0 


5.03E + 04 
0.6 HVLT 
1.01E + 06 
4.62E + 05 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


1.30E + 05 
1.0 LT 
1.91E + 07 
5.24E + 06 
0 


5.03E + 04 
1.0 HVLT 
7.41E + 06 
2.03E + 06 
0 


Total 1.0 eV Failures = 
0 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
70.6 
104.2 


48 Hour BI Infant Mortality = 0/378 = 0.0000% 
= 2425 DPM @ 60% Confidence 


ThetaJa 
= 


ThetaJc 
= 
Vee = 
lee@ 
55°C = 


lee@ 
70°C = 


lee @ 125°C = 


42°C/W 
14°C/W 
5.25V 
140 mA 
140 mA 
120 mA 


Temp 
with 
Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) = 


358.87 K 
373.87 
K 
424.46 
K 


523 K 


Lifetest 
(L T) and 
Bake (250°C) 
High Voltage 
Lifetest 
(HVL T) 


Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 


0.3 
4.47 
3.03 
0.3 
n/a 
n/a 


0.5 
12.14 
6.35 
0.5 
727.61 
335.91 


0.6 
19.99 
9.19 
0.6 
2718.18 
1075.15 
1.0 
147.28 
40.29 
1.0 
n/a 
n/a 


II 
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ThetaJa = 
ThetaJc = 


Vee = 
lee@ 
55°C = 
lee@70°C 
= 
lee@ 
125°C = 


38°CfW 
14°CfW 
5.25V 
140 mA 
140 mA 
120 mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(140°C) 
= 


355.93 K 
370.93 K 
421.94 K 
413 K 


Lifetest 
(Lnand 
Bake (140°C) 
High Voltage 
Lifetest 
(HVL n 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.61 
3.11 
0.3 
nfa 
nfa 
0.5 
12.78 
6.62 
0.5 
38.00 
17.54 
0.6 
21.28 
9.65 
0.6 
78.65 
31.11 
1.0 
163.38 
43.76 
1.0 
nhi 
nfa 


ThetaJa = 
ThetaJc = 


Vee = 


lee@ 
55°C = 


lee@ 
70°C = 


lee @ 125°C = 


28.5°CfW 
4°CfW 
5.25V 
140 mA 
140 mA 
120 mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) 
= 


348.95 K 
363.95 K 
415.96 K 
523 K 


Lifetest 
(LT) and 
Bake (250°C) 
High Voltage 
Lifetest 
(HVL n 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.98 
3.30 
0.3 
nfa 
nfa 
0.5 
14.53 
7.33 
0.5 
727.61 
335.91 
0.6 
.24.82 
10.91 
0.6 
2718.18 
1075.15 
1.0 
211.14 
53.68 
1.0 
nfa 
nfa 


Voltage Acceleration 
Factor 
(VAF) for HVLT on this process is 55. 


NOTE: 
FIT = Failure 
in Time. 
1 FIT = 1 failure 
per 1 X 109 device 
hours. 
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Failure Rate Calculations for 
60% Upper Confidence Level 


Step 1. Collect bum-in 
and lifetest data for each lot after 48 hours of burn-in 
through 
lifetest for each lot. 


Step 2. Determine 
the failure mechanism 
and assign an activation 
energy (EM for each failure, except those occur- 
ring during the first 48 hrs. 


Failure Mechanism 
Activation 
Energies 
Relevant 
to EPROMs 


Failure Mode 
Activation 
Energy 


Defective bit charge gain/loss 
0.6eV 
Oxide breakdown 
0.3 eV 
Silicon defects 
0.3eV 
Contamination 
1.0 eV-1.2 
eV 
Intrinsic charge loss 
1.4 eV 


NOTE: 


The first 48 hours of bum-in 
at either 5.25V or 6.5V measure 
infant mortality 
and are not included 
in the failure 
rate calculation. 
Monitor 
lots will use only 5.25V data for the infant mortality 
evaluation 
(IME). 
See monitor 
flow 
chart, 
Figure 
I. 


# failures 


total # devices 


48 Hours 
168 Hours 
500 Hours 
1K Hours 
2K Hours 


Lot #1 
0/1000 
1/1000 
0/999 
0/998 
0/994 


Lot #2 
0/221 
0/201 
1/201 
1/100 
0/99 


Totals 
0/1221 
1/1201 
1/1200 
1/1098 
0/1093 


Actual Device Hours = ~ (Number 
of Devices in Stress Interval) 
(Number 
of Hours in Stress Interval) 


1201 (168 hrs-48 
hrs) + 1200 (500 hrs-168 
hrs) 


+ 1098 (1000 hrs-500 
hrs) + 1093 (2000 hrs-1000 
hrs) 


1201 (120 hrs) + 1200 (332 hrs) + 1098 (500 hrs) 
+ 1093 (1000 hrs) 


2.185 x 106 Device Hours 


• 


.• 
~ ~~~ 
,_ •. __ ..• ~_ ••__ ••v•••• ,n a u",,""U '''1llpt:rawre ror eacn activation energy (failure 


mechanism), or use the Arrhenius relation. 


R = A exp [ ~~A] 


K 
= 8.617 X 10- 5 eV;oK 
(Boltzmann's constant) 
A 
= proportionality constant 
R 
= mean rate to failure 
EA = activation energy 
T 
= temperature in Kelvin 


1 


R1 = - where t1 = MTBF at some temperature 
T1 
t1 


1 


R2 = - where t2 = MTBF at some temperature 
T2 
t2 


Therefore, one hour at 125"C is equivalent to 41.7 hours at 55°C for a failure mechanism of activation energy EA = 
0.6 eV. Then 41.7 is the thermal acceleration factor for time. 
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NOTE: 
The Arrhenius Plot (Figure 2, Page 3) is simply In (Acceleration Factor) vs. IlTemperature 
normalized for an 


MTBF of one hour at 250"C (T2)' This plot can also be used to determine the acceleration factor between two 
temperatures other than 250"C. 


For example: For a 0.3 eV failure at 125°C, the acceleration factor is 8.1 relative to a 0.3 eV failure at 250"C. For a 
0.3 eV failure at 25°C, the acceleration factor is 152 relative to 250"C. Therefore, the acceleration factor between 
125°C and 25°C is: 


t1 
152 
A.F. = - 
= - 
= 18.7 
t2 
8.1 


Step 5. Organize the bum-in/lifetest 
data by EA, Total Device Hours at the bum-inllifetest 
temperature T2, Ther- 


mal Acceleration Factors for each failure mechanism (EA>, Number of Failures for each failure mechanism, and the 
calculated equivalent device hours at the desired operating temperature T 1. 


NOTE: 
The rise in junction temperature due to the thermal resistivity of the package (8JA> must be added to the ambient 
temperature to arrive at the actual bum-inIlifetest 
temperatures. 


EA (eV) 
Total 
Acceleration 
# Fall 
EqUivalent 
Device 
Hrs @ T2 
Factors 
Hours@T1 


0.3 
T.O.H. 
X 
N1 
X (T.O.H.) 


0.6 
T.O.H. 
Y 
N2 
Y (T.O.H.) 
1.0 
T.O.H. 
Z 
N3 
Z (T.O.H.) 


The failure rates for individual failure mechanisms and the total combined failure rate can be predicted using the 
data table and the following formula: 


FITs = x 
2 
~~ a) (109 ) 


Where X2 (n, a) is the value of the chi-squared distribution for n degrees of freedom and confidence level of a. The 
degrees of freedom, n = [2(# of failures) + 2) for this application. T is the total equivalent device hours at T 1.The 
total combined failure rate is just the sum of the individual failure rates for each failure mechanism. 


For a 60% VCL (Upper Confidence Limit), the above formula converts to the following: 


# Failures 
FIT Rate (60% UCL) 
o 
0.915 x 109fT 
1 
2.02 x 109fT 
2 
3.105 x 109fT 
3 
4.17 X 109fT 
3 < # < 15 
[1.049 (#failures for a ~articular EA) + 1.0305] [ 109] 


>15 
[0.2533 + ~(4 x #Failed) + 3)2 [109] 
4T 
. 


• 
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Assume for this example, that lee active is 57 mA at TAmbient = 125°C and lee active is 60 mA at TAmbient = 
55°C. 


T2 = (3SoC/W) 
(S7 mAl (SV) + 12SOC 


"" 13SOC = 40aOK 


T1 = (3SoC/W) 
(60 mAl (SV) + SSOC 


"" 6SOC = 33aOK 


EA (eV) 
Actual 
Device 
Acceleration 
Factors 
Equivalent 
41 Fall 
SsoC 


Hours 
@ 12SoC 
For 13SoC to 6SoC 
Hours 
at SsoC 
FIT Rate 


0.3 
2.185 x 106 
5.85 
1.278x107 
0 
81 


0.6 
2.185 x 106 
34.18 
7.468 x 107 
2 
42 


1.0 
2.185 x 106 
359.93 
7.864 x 108 
1 
3 


Total Combined 
Failure Rate = 
126 FITs 


Assume than an additional lot of 800 CHMOS I1I-E devices is burned in using a 6.5V lifetest as shown below. 
Assume further that the one failure shown at 168 hours is a 0.3 eV oxide failure. Using Table 2 below, a voltage 
acceleration factor of 26 results from a J.25V voltage overstress (5.25V to 6.5V). 


Actual Device Hours = 800 (48 hrs-O hrs) + 800 (168 hrs-48 
hrs) + 799 (500 hrs-168 
hrs) 
= 3.997 x 105 


Supply 
Oxide 
Operating 
L1fetest 
Stress 
Voltage 
Type 
Voltage 
Thickness 
Stress 
(Volts) 
(A) 
(MV/cm) 
S.SV 
I 
6.0V 
I 
6.SV 
I 
7.0V 
. 


CHMOSIII-E 
5 
235 
2.15 
1.9 
I 
7.0 
I 
26 
I 
93 


ASSUMES: 
1. Failurerate calculationsuse the appropriate acceleration factor for stress voltage versus S.2SV operating voltage (conser· 
vative). 
2. Reference [2) E. Nelson Anolick. 
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Since this voltage accelerated stress is used to predict an oxide breakdown failure rate, the 5.25V bum-inllifetest 
55°C equivalent hours for EA = 0.3 eV are added to the 6.5V burn-in/lifetest 
55°C equivalent hours as follows: 


12S0C 
Actual Device 
Acceleration 
Factors 
Equivalent 


Burn-ln/Llfetest 
EA (eV) 
Hours @ 12SoC 
for 13SoC to 6SoC 
Hours 
@SsoC 


5.25V 
0.3 
2.185 x 106 
5.85 
1.278 x 107 


6.5V 
0.3 
3.997 x 105 
(5.85 x 26) 
6.079 x 107 


Total Equivalent 
Device Hours for 0.3 eV Failures = 7.357 x 107 


Actual Device 
Acceleration 
Factors 
Equivalent 
55°C 
EA (eV) 
Hours @ 125°C 
for 13SoC to 65°C 
Hours 
if Fall 
FIT 
@S5°C 
Rate 


0.3 ELT 
2.185 x 106 
5.85 
7.357 x 107 
1 
27 
0.3 HVELT 
3.997 x 105 
(5.85 x 26) 


0.6 ELT 
2.185 x 106 
34.18 
8.834 x 107 
2 
35 
0.6 HVELT 
3.997 x 105 
34.18 


1.0 ELT 
2.185 x 106 
359.93 
9.303 x 108 
1 
2 
1.0 HVELT 
3.997 x 105 
359.93 


Total Combined 
Failure Rate = 
84 FITs 


NOTES: 
1. Additional 
information 
on calculating 
failure 
rates 
is contained 
in the April 2. 1984 International 
Reliability 
Physics 
Sympo- 
sium editorial 
entitled 
"Calculating 
Failure 
Rates from 
Stress 
Data" 
by Robert 
M. Alexander. 


2. 1 FIT = 1 Failure 
Unit = 0.0001 %/1 K hours. 
• 
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Device 
Intel 
Data 110' 
Logical Devices 


PLD 
Packages 
PLDsheli 
GUPI 
ABEL' 
UNISITP 
Model 
Model29B 
CUPL 
ALLPRO 
PlusS/W 
Adaptor 
S/W 
2900 
LogicPak' 
S/W 
40/88 


85C220-80/66 
D,P 
V2.1 
20D20J 
V3.2 
SITE40/48 (V2.8) 
V1.1 
303A-011 A (V10) 
V3.2 
1.50c 
N,M 
CHIPSITE (V3.0) 
V1.1 
303A-011 B (V05) 
1.50c 


85C220-7/10 
N 
V2.1 
20D20J 
V3.2 
CHIPSITE (V3.0) 
V1.1 
303A-011 B (V05) 
V3.2 
1.50c 


85C224-80/66 
D,P 
V2.1 
24D28J 
V4.0 
SITE40/48 (V3.1) 
V1.2 
303A-011A (V14) 
V4.0 
2.1 
N,M 
CHIPSITE (V3.1) 
V1.2 
303A-011 B (V06) 
2.1 


85C224-7 110 
N 
V2.1 
24D28J 
V4.0 
CHIPSITE (V3.1) 
V1.2 
303A-011 B (V06) 
V4.0 
2.1 


85C22V10 
D,P 
V2.1 
22V10 
V4.2 
SITE40/48 (V3.7) 
V1.8 
303A-011 A (V18) 
V4.0 
N 
CHIPSITE (V3.7) 
V1.8 
303A-011 B (V08) 


85C060 
D,P 
V2.1 
LOGICIID(1) 
V3.0 
SITE40/48 (V3.2) 
V1.5 
303A-011A (V14) 
V2.15 
2.1 
N,M 
CHIPSITE (V3.2) 
V1.5 
303A-011 B (V06) 
2.1 


85C090 
D,P 
V2.1 
LOGIC IID(2) 
V3.0 
SITE40/48 (V3.2) 
V1.5 
303A-010 (V03) 
V2.50 
2.1 
N 
CHIPSITE (V3.2) 
V1.5 
303A-010 (V03) 
2.1 


85C508 
D,P 
V2.1 
85EPLD28 
V3.2 
SITE40/48 (V3.3) 
V1.5 
V3.2 
2.1(3) 


N 
CHIPSITE (V3.4) 
V1.5 
V4.2(3) 
2.1(3) 


5AC312 
D,P 
V2.1 
LOGIC IID(1) 
V4.0 
SITE40/48 (V2.7) 
V1.0 
303A-011 A (V07) 
V3.2 
V1.48 


N,M 
CHIPSITE (V3.0) 
V1.1 
303A-011 B (V06) 
V1.48 


5AC324 
D,P 
V2.1 
40D44J 
V3.2 
SITE40/48 (V3.4) 
V1.5 
n/s 
V3.2 
V1.50 
N 
PINSITE (V3.4) 
V1.5 
n/s 
V1.50 


5C032 
D,P 
V2.1 
20D20J 
V3.0 
SITE40/48 (V2.7) 
V1.0 
303A-011 A (V02) 
V2.15 
V1.46 


NOTES: 
1. PLCCrequires an ADAPT24T028 in addition to the LOGIC liD. 
2. PLCCrequires an ADAPT40T044 in addition to the LOGIC liD. 
3. Projected support; call vendor for current information. 
4. Complete support provided as 85C22V10. 
5. Complete support provided as 85C060. 
6. Complete support provided as 85C090. 


nls = Will not be supported due to hardware limitation. 
'Data 1/0 = 1-BOO-3-DATAI0 
Logical Devices = 1-800-331-7766 


-L 


Model 3900: All devices supported with V1.2 (now) 


_. 
€: 


Device 
Intel 
Data 1/0" 
Logical DevlctL 


PLD 
Packages 
PLDsheli 
GUPI 
ABEL" 
UNISITE" 
Model 
Model29B 
CUPL 
ALLI. 


PlusS/W 
Adaptor 
S/W 
2900 
LoglcPak" 
S/W 
401 


SC060 
D,P 
V2.1 
LOGICIID(1) 
V3.0 
SITE40/48 (V2.7) 
Vl.0 
303A-OllA 
(VOl) 
V2.1S 
Vl. 


N,M 
CHIPSITE (V2.7) 
Vl.l 
303A-0118 (VOl) 
V1. 


SC090 
D,P 
V2.1 
LOGICIID(2) 
V3.0 
SITE40/48 (V2.7) 
Vl.0 
303A-Ol0 (V03) 
V2.S0 
V1. 


N,M 
CHIPSITE (V2.7) 
Vl.l 
303A-Ol0 (V03) 
V1. 


SC180 
N,M 
V2.1 
LOGIC 18 
V3.0 
CHIPSITE (V2.7) 
n/s 
n/s 
V3.0 
Vl. 


PLD16V8XP-7/10 
P 
V2.1 
20D20J 
V3.2 
SITE40/48 (V3.8) 
Vl.9 
n/s 
Compile 
Corr 
N 
CHIPSITE (V3.8) 
Vl.9 
n/s 
as 16V8 
as l' 


PLD20V8XP-7/10 
P 
V2.1 
24D28J 
V4.0 
SITE40/48 (V3.8) 
V1.9 
n/s 
Compile 
Co~ 
N 
CHIPSITE (V3.8) 
Vl.9 
n/s 
as20V8 
as 21 


PLD22V10 
P 
V2.1 
22V10 
V4.0(4) 
SITE40/48 (V3.8) 
Vl.9 
303A-Ol0 (V18) 
V40(4) 
2.~ 


N 
CHIPSITE (V3.8) 
V1.9 
303A-Ol0 (V08)(4) 
2'1 


PLD610 
P 
V2.1 
LOGIC IID(1,5) 
V3.0(5) 
SITE40/48 (V3.8) 
V1.9 
303A-Oll A (V14) 
V2.1S(5) 
, 
2., 
N 
CHIPSITE (V3.8) 
V1.9 
303A-0118 (V06)(5) 
2.1 


PLD910 
P 
V2.1 
LOGIC IID(2,6) 
V3.0(6) 
SITE40/48 (V3.8) 
Vl.9 
303A-Ol0 (V03) 
V2.S0(6) 
2.1 


N 
CHIPSITE (V3.8) 
Vl.9 
303A-Ol0 (V03)(6) 
2.' 


NOTES: 
1. PLCC requires an ADAPT24T028 in addition to the LOGIC liD. 
2. PLCCrequires an ADAPT40T044 in addition to the LOGIC liD. 
3. Projected support; call vendor for current information. 
4. Complete support provided as 85C22V10 
5. Complete support provided as 85C060 
6. Complete support provided as 85C090 


nls = Will not be supported due to hardware limitation. 
"Data 1/0 
= 1-800-3-DATAI0 
Logical Devices = 1-800-331-7766 


ABEL, UNISITE, and LogicPak are trademarks of Data 1/0, Corporation. 
CUPL and ALLPRO are trademarks of Logical Devices, Inc. 


! 
Model 3900: All devices supported with Vl.2 (now) 
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Programmable Logic Software Vendors 


Automatically generates high-coverage functional test 
vectors for all types of Programmable Logic Devices. 
These test vectors can be applied after programming 
either on the programmer, a device tester, or during in- 
circuit testing. 


• Event driven time-based simulator, concurrent fault 
simulation. 


• Devices supported: PLDs and FPGAs. 
• Testers supported: Sentry, GenRad, Teradyne, HP, 
and others. 


• MS-DOS, DEC VAX/YMS, Sun-3, and Sun-4. 


427-3 Amherst 
Street, 
Suite 391, Nashua, 
NH 
03063 
603-891-1995 


A comprehensive suite of design entry, debug, and doc- 
umentation capabilities. 
• Top-down, 
mixed-level design allows creation of 
hierarchial schematics mixed with textual design de- 
scriptions. 


• Advanced editing capabilities minimize tedious en- 
try tasks, freeing time for design analysis. 
• Sophisticated, on-line rule checks for detecting de- 
sign errors. 


• Integration 
provides 
a 
tightly-coupled 
solution, 
binding together leading applications for analysis, 
synthesis, layout, and documentation. 


PLD support is also available through integration of 
Data 110 and Minc PLD tools. 


Digital logic simulators provide advanced simulation 
capabilities to handle complex electronic designs. 


• High-performance simulation meets difficult design 
challenges. 


.' Mixed-level simulation. 
• Complete interactive debug environment. 


• Accurate modeling and extensive library support. 
• Open design environment. 


555 River Oaks Parkway, Bldg. I, San Jose, CA 
95134 
408-943-1234 


Design software lets you describe and implement logic 
designs using behavioral language and can be simulated 
and converted into JEDEC standard format. 
• Devices supported: PLD, FPGA, and PROM. 
• Entry methods: ABEL, Truth Table, State Machine, 
and Boolean Equation. 


• MS-DOS, Sun-3, SunSPARC, 
DEC 
VAX/yMS, 
ApolloTM. 


An integrated software package that combines a testa- 
bility analysis of the device under design or test with 
fault grading 
and automatic 
test vector generation 
(ATVG). 


• MS-DOS, DEC VAX/YMS v5.0, Sun-3, and 
SunSPARC stations. 


10525Willows Road N.E., P.O. Box 97046, 
Redmond, WA 98073-9746 
206-881-6444 


Design software that provides an easy-to-use menu sys- 
tem for PLD and FPGA design. Features include: 


• Design merge. 
• Functional simulation. 


• 


intel. 


• Disassemble/convert 
utilities for existing JEDEC 


files. 


Please see the PLDshell Plus datasheet in this section 
for more information. 


See Sales Office and Distributor Listings at Back of 
Handbook 


Combines the benefits of behavorial models, including 
fast simulation 
and minimum 
storage requirements, 


with structural level accuracy. 
• Behavorial models for high-performance simulation. 
• Accurate modeling of device functionality and tim- 
ing. 


• Intelligent handling of unknown conditions. 


Simulators supported: 
• AT&T, DAZIX/Intergraph, 
Mentor Graphics, Val- 


id Logic Systems, ViewLogic Systems, Cadence De- 
sign Systems, Genrad, Racal-Redac, and Vantage 
Analysis Systems 


Platforms supported: 


• Data General, HP / Apollo, Intergraph, Sun Micro- 


systems, Digital Equipment Corporation, IBM, and 
Sony 


19500 N.W. Gibbs Drive, P.O. Box 310, Beaverton, 
OR 97075 
503-690-6900 


A high-level, universal design software package for 
PLD's and FPGA's offering: 


• Variety of design expression formats 
• True language flexibility 
• DeMorgan expansion 
• Simulation 


1201 N.W. 65th Place, Ft. Lauderdale, FL 33309 
305-974-0967 


Includes the company's Design Architect design crea- 
tion tools, a System 
1076 VHDL 
editor, 
and the 


QuickSim II high-performance logic simulator. An ad- 
ditional option of the Idea Station is the Autologic fam- 
ily of logic synthesis tools, which help put a complete, 
top-down 
design methodology 
into every designer's 


hands. 


An integrated system of schematic, symbol, and text 
editors for capturing designs at both the architectural 
and detailed logic levels, using either schematics or 
VHDL descriptions. Features include: 
• Schematic capture 
• VHDL description 


• Automatic net routing 
• Interwindow editing 


• 
HP / Apollo-Mentor workstations 


Autologic family of logic synthesis tools, which help 
put a complete, top-down design methodology into ev- 
ery designer's hands. 


High performance logic simulator for function and per- 
formance verification. QuickSim II supports a complete 
hierarchy of modeling methods, including gate and ta- 
ble primitives, behavioral, VHDL and hardware based 
models. 


8005 S.W. Boeckman Road, Wilsonville, OR 97070- 
7777 
503-685-7000 
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MINC INCORPORATED 
• Accepts OrCAD/SDT 
generated netlists 


• MS-DOS, Sun 


A powerful design tool can be used for all types of 
programmable logic including FPGA's and PLD's. 
• Automatic device selection based on user-specified 
design criteria. 


• Automatic partitioning across multiple PLDs. 
• Quick, easy retargeting between FPGA and PLD. 


• Functional simulation. 
• Import from high-level language, waveform editor, 
or schematic import. 


6755 Earl Drive, Colorado Springs, CO 80918 
719-590-1155 


Software tool for programming PLDs and FPGAs. 
JEDEC Format output. 
• Schematic entry from OrCAD SDT. 
• Test vector generation. 
• 7 forms of input: Boolean equations, 
State Ma- 
chines, Truth Tables. 


• MS-DOS, Sun 


Graphical environment for electrical design projects. 
• Import/export 
to PSpice, OrCAD/PLD, 
OrCAD/ 
VST. 
• Netlist conversion into 30 different formats includ- 
ing Intel ADF. 


• MS-DOS, Sun 


Verification, 
Simulation Tool 
(OrCAD/VST) 


A series of software tools for performing timing-based 
simulation of digital designs. 
• Includes component modeling program. 


3175 N.W. Aloclek Drive, Hillsboro, OR 97124 
508-690-9881 


An advanced timing verifier. Identifies all setup and 
hold violations in a design, without test vectors, by ex- 
haustively tracing every signal delay path. 


• Tests designs ranging from ASICs and FPGAs to 


systems. 


• Support for 85C22VIO and iPLD22VIO. 
• 386 and 486 PCs; Sun-3 and Sun-4; Apollo; DEC; 


HP; and IBM RS6000 workstations . 


1385 Del Norte Road, Camaillo, CA 93010 
805-988-8250 


Integrated schematic capture and simulation environ- 
ment. 
• Entry methods: VHDL, Schematic, ABEL, JEDEC, 


State Machine, Truth Table, Logic Equations. 


• Automatically 
partitioning 
and optimization 
into 


PLD architecture. 
• Full timing/fault simulation. 
• IBM PC-WorkView, 
• UNIX-PowerView 


2350 Mission College Blvd, Santa Clara, CA 95054 
408-982-3881 


• 
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Workstation system that makes it possible for designers 
to generate extremely accurate analog and mixed ana- 
log-digital models. Designers can quickly specify real- 
life operating conditions, characterize the device within 
that environment and automatically extract an accurate 
mathematical model based upon a comprehensive set of 
measurements of the real behavior of the device. 


Simulation Compatibilities include: 
• SPICE, and derivatives such as H-Spice, P-Spice, 


Analogy-Saber, Cadence-Spectre + Profile, Mentor 
Graphics-Accusim, QuadDesign and Quantic Labo- 
ratories signal integrity design! analysis products. 


8305-0 
S.W. 
Creekside 
Place, 
Beaverton, 
OR 


97005 503-520-1000 
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A universal programmer providing support for Intel 
DIP devices with expansion modules. 


1050 E. Duane Ave, Suite L, Sunnyvale, CA 94086 
408-984-8600 


A universal programmer 
providing support for Intel 
DIP devices with socket converters from outside sourc- 
es. 


10681 Haddington, Suite 190, Houston, TX 77043 
800-225-2102 or 713-461-9430 


BYTEK CORPORATION, 
INSTRUMENT 
SYSTEMS 
DIVISION 


A universal programmer 
providing support for Intel 
DIP devices. 


543 N.W. 77th St, Boca Raton, FL 33487 
800-523-1565 or 407-994-3520 


Device programmer 


• RS232C port connection to PC. 


• Devices supported: DIP, PGA, PLCC, SOlC, and 


LCC. 


• Can program almost all PLDs and FPGAs, memory 


devices, and microcontrollers. 


• File types: JEDEC, Intel Hex-32, and many others. 


Device programmer 


• RS-232-C port. 
• Devices supported: DIP, PLCC, and LCC. 
• Can program almost all PLDs and FPGAs, 
and 


memory devices. 


• Testing: Functional, Parallel test vector, and device 


continuity. 


10525Willows Road N.E., P.O. Box 97046, 
Redmond, WA 98073-9746 
206-881-6444 


A universal programmer 
providing support for Intel 


DIP devices with socket adapters. 


20144 Plummer St, Chatsworth, CA 91311 
800-367-8750 or 818-701-9677 


A universal programmer. The PD40 can program DIP 
packages having up to 40 pins. The PD84 has a 48-pin 
DIP and a universal PLCC socket which can support 
up to 84 PLCC devices. 


538 Valley Way, Milpitas, CA 95035 
800-541-3526 or 408-946-8495 


• 
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Intel specific PC-based programmer with GUPI Adap- 
tors. Intel specific standalone programmer with GUPI 
Adaptors. 


See Sales Office and Distributor Listings at Back of 
Handbook 


Universal device programmer. 


• Bus card interface for PC, RS-232 connection for all 
other computers. 
• Devices supported: DIP, PGA, PLCC, SOIC, and 
LCC device packages. 


• Testing: Functional, Diagnostic, Internal Logic, and 
others. 


• File types: JEDEC; Intel Hex 80, 86; and others. 


1201 N.W. 65th Place, Ft. Lauderdale, FL 33309 
305-974-0967 


A universal 28-pin programmer with optional expan- 
sion pods. 


SMS GmbH, 1m Grund 
15, D-7988, WANGEN 


49-7522-5018 


Logic programmer 
and adaptors, 
gang programmer 


and universal programmer. 


1600 Wyatt Drive, Suite 3, Santa Clara, CA 95054 
800-227-8836 or 408-988-1118 
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Third-Party 
Support Summary 


(Support 
claimed 
by manufacturer) 


Vendor 
Product 
Module 
Adaptor /Device/Version/Etc. 


Advin 
Sailor PAL/SA 
- 
DIPs: 5C031 , 5C032, 5C060 
Sailor PAL/SB 
- 
(same as above) 
w/EM-900 
DIP: 5C090 
w/EM-1800 
PLCC: 5C180 
w/PLCC 
Adap. 
PLCCs: 5C060, 5C090 


BP Micro 
PLD-1100 
- 
V1A6--DIPS: 
85C220, 
85C224, 
5AC312, 
5C031, 


5C032, 5C060 
w/socket 
converter 
from outside source-PLCCs: 


85C220,85C224,5AC312,5C060 


PLD-1128 
- 
V1A6--DIPs: 
85C220, 
85C224, 
5AC312, 
5C031, 5C032, 


5C060 
w/socket 
converter 
from outside source-PLCCs: 


85C220,85C224,5AC312,5C060 


Bytek 
135H-U 
UNICEL 
w/LTAOOC-DIPs: 
5C031, 5C032, 5C060, 5C090, 


5C180,5AC312,85C220,85C224 


145H-AD 
- 
DIPs: 5C031 , 5C032, 5C060, 5C090, 5C180, 5AC312, 
85C220, 
85C224 


Data I/O 
UNISITE 
V3.1-DIPS: 
85C220, 
85C224, 
85C060, 
85C508, 


85C22V10, 
PLD610, 
PLD910, 
PLD22V10, 


5AC312,5AC324,5C031,5C032,5C060,5C090 
V3.1-PLCCs: 
85C220, 
85C224, 
85C060, 
85C508, 


85C22V10, 
PLD610, 
PLD910, 
PLD22V10,5AC312, 


5AC324,5C060,5C090,5C180 


Model 2900 
- 
V1.3-DIPs: 
85C220, 
85C224, 
85C060, 
85C508, 


5AC312,5AC324,5C031,5C032,5C060,5C090 
V1.3-PLCCs: 
85C220, 
85C224, 
85C060, 
85C508, 


5AC312,5AC324,5C060,5C090 


Model29B 
LogicPak VA 
303A-011 A (V1 O)-DIPs: 
85C220, 
85C224, 
85C060, 


5AC312, 
5C031 , 5C032, 5C060 
303A-011 B (VQ5)-PLCCs: 
85C220, 
85C224, 
85C060, 


5AC312,5C031,5C032,5C060 
303A-010 
(V03)-DIP 
& PLCC: 85C090, 
5C090 


Model60A/H 
- 
DIPs: 5C031 , 5C032, 5C060 


Digelec 
860 
- 
DIPs: 5C031,5C032,5C060, 
5C090 
w/8601 
PLCCs: 5C060, 5C090, 5C180 


Elan 
1014 
- 
DIPs:5C032,5C060,5C090 
w/socket 
converter 
from outside 
source-PLCCs: 


5C060, 5C090 


5-145 
- 
DIPs:5C032,5C060,5C090 
w/socket 
converter 
from outside 
source-PLCCs: 


5C060, 5C090 
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Intel 
iUp·PC 
GUPI Base 
GUPI LOGICIiD-DIPs: 
85C060, 
85C090, 
5AC312, 


iUP·200Al201 
A 
(both prog.) 
5C060,5C090 
w/ADAPT24T028-PLCCs: 
85C060, 
5AC312, 
5C060 


w/ADAPT40T044-85C090 
(PLCC), 5C090 (PLCC) 


GUPI 20D20J-85C220 
(DIP & PLCC), 5C032 (DIP), 


5C031 (DIP) 
GUPI 24D28J-85C224 
(DIP & PLCC) 


GUPI 40D44J-5AC324 
(DIP & PLCC) 


GUPI LOGIC·18-5C180 
(PLCC) 
GUPI LOGIC·18G-5C180 
(PGA) 


Logical Dev. 
ALLPRO 
- 
V2.1-DIPs: 
85C220, 85C224, 
85C060, 
85C090, 


85C22V10, 
PLD610, 
PLD910, 
PLD22V10, 
85C508, 


85C960, 
5AC312, 
5AC324, 
5C031 , 5C032, 5C060, 


5C090 


wi socket converters 
from outside 
source--PLCCs: 


85C220, 
85C224, 
85C060, 
85C090, 
85C508, 
5AC312, 


5AC324, 
5C060, 5C090, 5C180 


Minato 
1890A 
- 
5C031 , 5C032, 5C060, 5C090, 5AC312, 
85C060, 


85C220,85C508,85C960 


Oliver Adv. Eng. 
OMNI-28 
- 
DIPs: 85C220, 
5C031 , 5C032, 85C224, 
85C060, 


5AC312,5C060 
w/OM-S-20 
LCC-85C220 
(PLCC) 
w/OM-S-24 
LCC-85C224 
(PLCC), 85C060 
(PLCC), 


5C060 (PLCC) 


OMNI-40 
All DIPs above + DIPs: 85C090, 
5AC324, 
5C090, 


5C121 
w/OM-S-40 
LCC-85C090 
(PLCC), 5AC324 
(PLCC), 


5C090 (PLCC) 


OMNI-64 
All DIPs above 
w/OM-S-68 
LCC-5C180 
(PLCC) 


SMSGmbH 
Sprint Plus 
- 
V3.2i-DIPs: 
5C031 , 5C032, 5C060, 5C090, 5AC312 


w/Pod 
5C180 (PLCC) 


Stag 
ZL-30 
- 
DIPs: 5AC312, 
5C031 , 5C032, 5C060 


ZL30A 
- 
DIPs: 5AC312, 
5C031 , 5C032, 5C060 
w/30A640 
5AC312 
(PLCC), 5C060 (PLCC), 5C090 (DIP & PLCC) 


ZL33 
- 
DIPs: 5C031 , 5C032, 5C060 


PPZ 
- 
DIPs:5C031,5C032,5C060,5C090 


System 3000 
- 
DIPs:5AC312,5C031,5C032,5C060,5C090,5C180 


System General 
SGUP-85A 
- 
V2.0-DIPs: 
85C220, 
85C224, 
85C508, 
85C960, 


5AC312,5C031,5C032,5C060,5C090 
wi adapters-PLCCs: 
85C220, 
85C224, 
85C508, 


85C960, 
5AC312, 
5C060, 
5C090 
. 


TURPRO-1 
- 
V1.1-85C220, 
85C224, 
85C508, 85C090, 
5AC312, 


5AC324,5C031,5C032,5C060, 
5C090, 5C180 
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Vendor 
Information 
Product 
Description 


Advin Systems 
Inc. 
Sailor PAL/SA 
Univ. 28 Pins + Expansion 
Modules 
1050 E. Duane Ave., Suite L 
Sailor PAL/SB 
Univ. 28 Pins + Expansion 
Modules 
Sunnyvale, 
CA 94086 
Univ. 24-, 28-, 32-, or 40-Pin Programmers 
+ 


(408) 984-8600 
Expansion 
Modules 
(PLCq 


BP Microsystems 
PLD-1100 
20/24 
Pins + PLCC Socket Converters 
10681 Haddington, 
#190 
PLD-1128 
28 Pins + PLCC Socket Converter 


Houston, 
TX 77043 
(800) 225-2102 
or (713) 461-9430 


Bytek Corp. 
135H-U 
Universal 
MUL TIPROGRAMMER@ 


Instrument 
Systems 
Division 
145H-U 
Logic Programmer 
543 N. W. 77th St. 


Boca Raton, FL 33487 
(800) 523-1565, 
(407) 994-3520 
FAX (407) 994-3615 


Data I/O Corp. 
UNISITE 40/48 
Univ. 68 Pins-CHIPSITE 
for PLCC 


10525 Willows 
Road, N.E. 
Model 2900 
Univ. 40 Pins-DIP 
and PLCC 
P.O. Box 97046 
Model29B 
Univ. 40 Pins-LogicPak 
for PLDs 


Redmond, 
WA 98073-9746 
Model60AlH 
Univ. 28 Pins-H 
= Handler Version 


(800) 247-5700 
or (206) 881-6444 
FAX (206) 882-1043 


Digelec 
Inc. 
Uniport 
PLD Programmer 
+ PLCC Adaptor 
20144 Plummer 
St. 


Chatsworth, 
CA 91311 
(800) 367-8750 
or (818) 701-9677 
FAX (818) 701-5040 


Elan Digital Systems 
1014 
Univ. + PLCC Socket Converters 
538 Valley Way 
5-145 
Programmer 
+ PLCC Socket Converters 


Milpitas, CA 95035 
(800) 541-3526 
or (408) 946-8495 
FAX (408) 946-0351 


Intel Corporation 
iUP-PC 
Intel PC-Based + GUPI Adaptors 


(See Sales Office and Distributor 
iUP-200Al201 
A 
Intel Standalone 
+ GUPI Adaptors 


Listings at Back of Handbook.) 


Logical Devices, 
Inc. 
ALLPRO 
Univ. 32 or 40 Pins + PLCC Socket Converters 


1201 NW. 65th Place 
Ft. Lauderdale, 
FL 33309 
ALLPR088 
Univ 88-Pin + PLCC Socket 
Converters 
(800) 331-7766 
or (305) 974-0967 
FAX (305) 974-8531 
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Vendor 
Information 
Product 
Description 


SMSGmbH 
Sprint Plus 
Univ. 28 Pin + Expansion 
Pods 
1mMorgenthal 
13 
D-8994 HERGATZ 
Germany 


Stag Microsystems, 
Inc. 
ZL-30 
Logic 28 Pin + PLCC Adaptor 
1600 Wyatt Drive, Suite 3 
ZL·30A 
Logic 28 Pin + PLCC Adaptor 
Santa Clara, CA 95054 
ZL33 
Gang 24 Pin 
(800) 227-8836 
or (408) 988-1118 
PPZ 
Univ. 28 Pin + PLCC 
FAX (408) 988-1232 


System General Corp. 
. 


SGUP·85A 
Univ. 68 Pins 
244 S. Hillview Dr. 
Milpitas, CA 95035 
(408) 263-6667 
FAX (408) 262-9227 
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Vendor 
Product 
Version/Devices 
Supported 


Data I/O 
ABEL 
V4.2-85C220, 
85C224, 85C060, 
85C090, 
85C508, 


85C22V10,PLD610, 
PLD910, 
PLD22V10,5AC312, 


5AC324,5C031,5C032,5C060,5C090,5C180 


Intel Corp. 
IPLDview-286 
(Based on Workview 
V4.0)-85C220, 
85C224, 
85C060, 


85C090, 
85C508, 
85C960, 
5AC312, 
5AC324, 
5C031, 


5C032, 5C060, 5C090, 5C180 


ISDATA 
Log/IC 
V3.3-85C220, 
85C224, 
85C508, 
5AC312, 
5C031 , 


5C032,5C060,5C090,5C180 


Logic Modeling 
Model Library 
5AC312, 
5AC324, 
5C031 , 5C032, 5C060, 5C090, 


Corporation 
5C180, 85C22V10, 
85C090, 
85C060, 
PLD910, 
PLD610, 


PLD22V10, 
85C220, 
85C224 


Logical Devices 
CUPL 
V4.2-85C220, 
85C224, 
85C060, 
85C090, 
85C508, 


85C22V10, 
PLD610, 
PLD910, 
PLD22V10,5AC312, 


5AC324, 
5C031 , 5C032, 5C060, 5C090, 5C180 


MINC Inc. 
PLD Designer 
V4.2-5C031, 
5C032, 5C060, 5C090, 5C180, 85C220, 


88C22V10, 
85C508, 
PLD610, 
PLD910, 
PLD22V10, 
5AC312,85C224,85C060, 
85C090 


OrCAD Systems 
PLDTools 
V1.03-85C220, 
85C224, 
85C060, 
85C090, 
85C508, 


5AC312, 
5AC324, 
5C031 , 5C032, 5CD60, 5C090, 


5C180, 85C22V10, 
PLD610, 
PLD910, 
PLD22V10 


Silicon West 
Simulation 
Models 
85C220,85C224,85C508,5C032,5C060,5C090 


Viewlogic, 
Inc. 
Workview 
CAE 
V4.1-85C220, 
85C224, 
85C060, 
85C090, 
85C508, 


85C960, 
5AC312, 
5AC324, 
5C031 , 5C032, 5C060, 


5C090, 5C180 


Vendor 
Information 
Product 
Description 


Data I/O Corp. 
ABEL 
Logic Compiler 
S/W 
10525 Willows 
Road, N.E. 
GATES 
Logic Synthesis 
S/W 
P.O. Box 97046 
PLDTest 
PLDTestS/W 
Redmond, 
WA 98073-9746 
(206) 881-6444 


Hewlett-Packard 
Company 
HP PLD Design 
Compiler/Synthesis 
S/W 
Customer 
Information 
Center 
System 
(1-800) 752-0900 


Intel Corporation 
PLDShell 
Compiler 
S/W 
(See Sales Office and Distributor 
SCHEMA 
III-PLD 
Schematic 
S/W 
Listings at Back of Handbook.) 
iPLDview-286 
Schematic/Simulation 
S/W 


ISDATAGmbH 
LOG/iC 
Compiler/Parti!ioner 
S/W 
Haid-und-New-Stra,Be 
7 
(Outside 
U.S. & 
0-7500 
Karlsruhe 
Canada) 
West Germany 


ISDATA, 
Inc. 
LOG/iC 
Compiler/Partitioner 
S/W 
800 Airport Rd. 
(U.S. & Canada) 
Monterey, 
CA 93940 
(408) 373-3607 


Logical Devices, 
Inc. 
CUPL 
CompilerS/W 
1201 N.W. 65th Place 
Ft. Lauderdale, 
FL 33309 


(800) 331-7766 
or (305) 974-0967 
FAX (305) 974-8531 


MINC, Inc. 
PLDesigner 
Compiler/Partitioner 
S/W 
6755 Earl Drive 
Colorado 
Springs, CO 80918 


(719) 590-1155 


OrCAD Systems 
Corp. 
OrCAD/SDT 
III 
Schematic 
S/W 
3175 NW. Aloclek 
Dr. 
OrCADIVST 
Simulation 
S/W 
Hillsboro, 
OR 97124-7135 


(503) 690-9881 


Viewlogic, 
Inc. 
Intel PLD Kit 
Intel PLD Design Library for Workview- 


313 Boston Post Road West 
Schematic/Simulation 
S/W 


Marlboro, 
MA 01752 
(508) 480-0881 


PLDshell Plus 
Design Software 
• Easy-to-Use 
Design Environment 
for 
• Run Menu Configurable 
to Allow Use 


Programmable 
Logic Design Using Intel 
with Designer's 
Existing 
PLD Design 


p.PLDs and the FLEXlogic 
Family of 
Tools 


FPGAs 
• Utilities 
Disassemble/Convert 
Common 
• Compiles 
PALASM* 
2-Compatible 
PAL/GAL 
JEDEC Files into Source 
or 


Source 
Files into JEDEC Programming 
JEDEC 
Files for Intel p.PLDs 
Files 
• Translates 
ADF/SMF 
Files into PDS 
• Functionally 
Simulates 
Designs 
Using 
Source 
Files 
Source 
File Simulation 
Syntax 
• Includes 
APT Programming 
Software 
• Easy-to-Learn 
Menu Interface 
with 
for Use with Intel Programmers 


Extensive 
Help and On-Line 
Technical 
• Software 
and Programming 
Hardware 


Support 
Information 
Available 
through 
Intel Authorized 
• Editor and Programming 
Software 
Sales Office/Distributor 
Configurable 
to Designer's 
Preferred 
• Standalone 
Software 
(No Programming 


Tools 
Hardware) 
Available 
Free from Intel 
• Merges 
Multiple 
PDS Files into Single 
Literature 
Device 


• Estimates 
Design 
Fit Quickly to Narrow 
Target 
Device 
Choices 


PLDshell 
Plus design 
software 
provides 
an easy-to-use 
menu 
system 
for programmable 
logic 
design 
that 
allows 
you to invoke 
Intel's 
PLDasm 
compiler/simulation 
software 
and APT programming 
software, 
or your 
existing 
programmable 
logic compilers 
and programming 
software. 
Configure 
the menu system 
with the pro- 
gram and directory 
names 
of your existing 
programmable 
logic design tools and you are ready to run. 


PLDshell 
Plus software 
includes 
Intel's PLDasm logic compiler/simulator 
software. 
PLDasm software 
compiles 
PALASM* 
2-compatible 
source 
files to produce 
JEDEC 
files for Intel J-LPLDs(Microcomputer 
Programmable 
Logic Devices) 
and FLEXlogic 
family of FPGAs. Simulation 
syntax supports 
functional 
simulation 
and genera- 
tion of test vectors 
for the JEDEC 
file. PLDasm 
software 
allows 
you to use a familiar 
design 
language 
to 
evaluate 
the architecture 
of Intel J-LPLDsand FPGAs and to implement 
new designs. 


"PALASM 
and pAL are registered 
trademarks 
of Advanced 
Micro 
Devices, 
Inc. 


"GAL 
is a registered 
trademark 
of Lattice 
Semiconductor, 
Inc. 
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The PLDshell 
Plus Main Menu is arranged 
to follow 


the typical 
PLD design flow: Edit, Compile/Simulate, 


View, and Program. 
PLDshell 
Plus menu options 
al- 
low you to: 


Edit-Edit 
PLD source files (or any other text file) 


using 
your 
preferred 
ASCII 
text 
editor. 
You can 


configure 
the edit menu to invoke 
whatever 
text 


editor 
you have 
installed 
in your 
system 
via the 


Change 
Editor 
button. 


Complle/Slm-Compile 
and/or 
simulate 


PLDasm 
source 
files to create 
JEDEC files for In- 
tel 
,..,PLDs using 
Intel's 
PLDasm 
software. 
You 


can define compile/simulate 
options 
such as logic 


minimization, 
DeMorgan's 
inversion, 
pin assign- 
ment 
algorithm 
options, 
and event 
threshold 
for 


asynchronous 
events 
(during simulation). 


View-View 
source, 
error, 
report, 
Or simulation 
files to validate 
your design 
or quickly 
locate 
de- 


sign 
or fitting 
problems. 
When 
viewing 
an error 
file, you can display 
on-line 
error 
message 
help 


information. 
Simulation 
results 
can be viewed 
in 


table or wave form. (Waveforms 
can be viewed on 


Hercules, 
EGA, or VGA monitors.) 


Program-Invoke 
Intel's 
APT programming 
soft- 


ware. You can change 
the program 
menu to your 


preferred 
programming 
software 
via the Change 
Programming 
S/W 
button. 


Run-Run 
up to 24 user-defined 
programs 
includ- 
ing other 
PLD development 
tools. 
The 
menu 
is 
user-defined, 
with each menu option 
including 
de- 
fault command 
line options 
and working 
directo- 
ries. You can also run any program 
via the Run 
Other 
submenu. 


Utilities-Provides 
several 
utility 
functions, 
in- 


cluding: 


Disassemble, 
allows 
you to disassemble 
JE- 
DEC files for common 
PAL/GAL 
devices 
into 
PLDasm 
source 
files for Intel 
,..,PLDs (JEDEC 
file to PDS file). 


Convert, 
performs 
a full conversion 
(common 
PAL/GAL 
JEDEC 
file 
to 
Intel 
,..,PLD JEDEC 


file). 


Translate, 
translates 
ADF/SMF 
files 
devel- 
oped for Intel's 
iPLS II software 
into PDS files 


for use with PLDasm 
software. 


Merge, 
allows 
you 
to 
combine 
multiple 
PDS 


files into a single 
Intel PLD or FPGA. 


Change 
Directory, 
List 
Directory, 
or Invoke 


DOS Shell. 


Modify 
Options 
to change 
the text editor, pro- 


gramming 
software, 
printer 
port, hot keys, and 


other options. 


Databook-View 
datasheet 
briefs on Intel ,..,PLDs 


and technical 
notes on using the software/devic- 


es, device 
order codes, 
and other 
pertinent 
tech- 


nical information. 


PLDasm 
software 
compiles 
PALASM 
2-compatible 


source 
files to produce 
JEDEC files for Intel ,..,PLDs. 


The typical 
design 
process 
is to create 
the source 


file, compile/simulate 
the design to create 
a JEDEC 


file, and program 
devices. 
Error, report, 
and wave- 


form files are viewed throughout 
the cycle. The edit/ 


compile/simulate/view 
process 
is repeated 
until 
a 


design 
is 
working 
as 
desired. 
Devices 
are 
pro- 


grammed 
at the end of the cycle. PLDshell 
Plus soft- 


ware 
also 
offers 
the 
ability 
to edit/simulation/view 


without 
"fitting". 
This allows 
you to concentrate 
on 


logic design 
first, then fit the working 
design 
into a 


device. 


PLDasm 
software 
offers 
the following 
features: 


• 
Preserves 
your investment 
in learning 
a PLD de- 


sign language 
and in developing 
source 
files by 


compiling 
an industry-standard 
language. 


• 
Implements 
designs 
using 
Boolean 
equations, 


State Machine 
syntax, or Truth Tables 
(Truth 
Ta- 


ble design is a PLDasm 
superset 
feature). 


• 
Functionally 
simulates 
designs. 


• 
Estimates 
design 
fit quickly 
based 
on basic 
re- 


source 
criteria. 


• 
Maps 
designs 
into 
device 
resources 
and 
per- 


forms basic logic minimization. 


• 
Generates 
JEDEC 
programming 
files; these 
files 


include 
programming 
test vectors 
based on simu- 


lation output. 


You can compile 
.PDS files for common 
PAL/GAL 


devices 
using PLDasm 
software. 
PAL/GAL 
designs 


are transparently 
converted 
into JEDEC files for the 


appropriate 
Intel ,..,PLD. 
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PLDshell 
Plus can merge 
multiple 
PDS design 
files 


into any Intel programmable 
logic device, 
including 


the 
Intel 
FLEXlogic 
family 
of 
FPGAs. 
The 
Merge 


function 
makes 
it easy for designers 
to consolidate 


multiple 
PLDs into a single, high-performance 
FPGA 


or PLD. 


PLDshell 
Plus provides 
the ability to disassemble 
ex- 


isting 
JEDEC 
files 
for 
Intel 
IJ-PLDs, as well 
as for 


common 
20-pin 
and 
24-pin 
PALs 
and 
GALs 
into 


PLDasm 
source 
files. 
JEDEC 
disassembly 
allows 


you to reconstruct 
source 
files for existing 
designs 


where 
the original 
source 
files have been lost, or to 


generate 
source 
files 
from 
existing 
designs 
to be 


modified 
for 
new 
designs. 
JEDEC 
disassembly 
is 


available 
via the Utilities-Disassemble menu se- 


lections. 
Note that the source 
file output 
during the 


disassembly 
process 
using PAL/GAL 
JEDEC files is 


for the respective 
Intel IJ-PLD. 


PLDshell 
Plus provides 
the ability to convert 
existing 


JEDEC 
files 
for common 
PALs/GALs 
into JEDEC 


files for Intel IJ-PLDs. A PLDasm 
source 
file is auto- 


matically 
generated 
during the conversion 
process. 


Conversion 
guarantees 
that the target 
Intel IJ-PLD is 


functionally 
the same as the original 
design. JEDEC 


conversion 
is available 
via the Utlllties-Convert 


menu selections. 


PLDshell 
Plus provides 
the ability to translate 
exist- 


ing ADFs 
(Advanced 
Design 
Files) or SMFs 
(State 


Machine 
Files) into PDS files for use with PLDshell 


Plus. This provides 
an automated 
path for users of 


Intel's iPLS II software 
to move to PLDshell 
Plus and 


make 
use of its more 
powerful 
simulation 
features 


and user interface. 
Translations 
is available 
via the 


Utilities-Translate menu selections. 


PLDshell 
Plus is designed 
to work in systems 
config- 


ured as follows: 


• 
Intel 386-based 
PC with 
2 Mbytes 
of extended 


RAM 


• 
MS-DOS 
V3.1 or later 


• 
High-density 
(1.44 Mbytes) 
diskette 
drive; call In- 


tel's EPLD Hot Line or your Intel field sales repre- 
sentative 
for other disk formats. 


• 
Hard disk with approximately 
5 Mbytes 
of space 


(4 Mbytes for installation; 
up to 1 Mbyte for work- 


ing files while running). 
• 


• 
VGA monitor 
required 
for waveform 
viewing. 
~ 


PLDshell 
Plus software 
(no programming 
hardware) 


is available 
from 
Intel 
Literature 
or your local 
Intel 


salesperson. 
(Quantity 
limited 
per order.) 


DSPLUSKIT 
includes 
PLDshell 
Plus 
software 
and 


the 
iUP-PC 
programming 
hardware. 
Available 


through 
Intel-authorized 
sales offices. 


iUP-PC 
UNIVERSAL PROGRAMMER 
FOR THE PERSONAL COMPUTER 


• 
Personal 
computer 
Version 
of the iUp· 
200A/201A 
Universal 
Programmers 


• 
Runs on an IBM PC/AT*, 
PC/XT* 
or 
True Compatible 


• 
GUPI Adaptors 
and Personality 
Modules 
Provide 
Support 
for Numerous 
Device 
Families 


• 
Utilizes the Intelligent 
Programming 


and Quick-Pulse 
Programmlng™ 


Algorithms 


• 
Extremely 
Versatile-Programs 
Intel 


EPROMs, 
PLDs, Peripherals, 
and 
MicroControJlers 


The Intel Universal 
Programmer 
for the Personal 
Computer, 
iUP-PC, provides 
a high-performance 
program- 


ming solution 
from a PC host. Through 
plug-in adaptors 
for the Generic 
Universal 
Programmer 
Interface 
(iUP- 


GUPI), the iUP-PC supports 
Intel EPLDs and most other 
Intel programmable 
devices. 


This product 
is manufactured 
by Intel Puerto 
Rico, Inc. 


NOTE: 
GUPI Adaptor 
NOT included. 


'IBM 
PC/AT 
and PC/XT 
are registered 
trademarks 
of International 
Business 
Machines 
Corporation. 


Quick-Pulse 
Programming 
is a trademark 
of Intel Corporation. 
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The iUP-PC provides a fast, versatile and reliable 
programming solution from a Personal Computer 
host. Downloading to a stand-alone programmer or 
moving from one workstation to another is no longer 
required. With the iUP-PC, the designer may do his 
development and programming on one workstation. 
Through the Generic Universal Programmer Inter- 
face (iUP-GUPI),the iUP-PC is made extremely ver- 
satile. With the iUP-GUPI the designer may program 
supported EPROMs, Microcontrollers, Peripherals 
and PLDs with the mere change of a plug-in adaptor. 
As all of the programming signals are generated at 
the GUPI base, extremely reliable waveforms reach 
the device. 


The iUP-PC programming system consists of five 
components: 


PCPP- The Personal Computer Personal Program- 
mer (PCPP) is an IBM PC/XT 
form factor expansion 
card which fits into an IBM PC/XT, 
PCI AT or true 


compatible. 


Interconnect Cable-A 
50-lead ribbon cable con- 


nects the PCPP to the iUP-GUPI. 
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iUP-GUPI- The Intel Universal Programmer-Gener- 
ic Universal Programmer Interface (iUP-GUPI) is the 
programming base which holds the device adaptors. 


GUPI Adaptors'-The 
GUPI Adaptors plug in to the 


iUP-GUPI base. They carry the sockets and hard- 
ware for a particular device family. 


iPPS- The Intel PROM Programmer Software (iPPS) 
runs on a personal computer under DOS and con- 
trols the PCPP/host communication. 


'NOTE: 
Though the iUP-GUPI base is included in the iUP- 
PC package, the GUPI Adaptors are NOT included. 
The desired adaptors must be ordered separately. 


The PCPP is a co-processor board. Communication 
between the host and the PCPP may be controlled 
by iPPS or APT (Advanced Programming Tool). Ver- 
sion 2.3 or greater of iPPS is required for running the 
iUP-PC on a personal computer. APT is the pro- 
gramming software product included in PLDshell 
Plus Design Software. The PCPP is capable of driv- • 
ing the iUP-GUPI and FAST27/K modules. 
, 


The iUP-GUPI is a generic 
base module that enables 


the iUP-PC system 
to accept 
low-cost 
plug-in adap- 


tors. These 
adaptors 
configure 
the system 
to sup- 


port 
a 
wide 
variety 
of 
programmable 
devices 


-EPROMs, 
microcontrollers, 
and PLDs-as 
well as 
different 
device 
package 
types (either directly 
or via 


socket 
converters). 


The 
iUP-GUPI 
module 
connects 
to the 
PCPP card 


via a ribbon cable. An opening 
in the top of the iUP- 


GUPI provides 
easy plug-in 
installation 
of the GUPI 


adaptors 
(refer to Figure 2). 


The iUP-GUPI 
offers 
the programming 
performance 


of earlier 
Intel personality 
modules, 
with the fastest 


Intel programming 
algorithms 
for each device type. 


The iUP-GUPI 
adaptors 
provide 
the final link of the 


iUP-PC programming 
system. 
The adaptors 
provide 


the proper sockets 
and characteristic 
information 
for 


devices 
or families 
of devices. 


Intel's 
megabit 
EPROMs 
are 
also 
supported 
with 


GUPI adaptors. 
Adaptors 
are available 
for the 1-, 2-, 


and 4-Megabit 
EPROMs 
in both by1e- and word-wide 


architectures. 


The GUPI27011 
adaptor, 
which supported 
the page- 


mode 
27011 
is now replaced 
by GUPI 
EPROM28, 


which 
also 
adds 
support 
for 
the 
CMOS 
version 


(27C011). 
Devices 
supported 
in the past by the iUP- 


FAST 27/K 
Personality 
Module 
are now supported 


by the GUPI EPROM28 
adaptor 
and the GUPI base 


module. 
The GUPI EPROM28/iUP-GUPI 
base com- 


bination 
does not support 
the following 
obsolete 
de- 


vices: 2764, 27128, 27916, 2817A, and 87C256. 
The 


GUPI 
EPROM28 
adaptor 
corrects/updates 
pro- 


gramming 
algorithms 
from the iUP-FAST 
27/K 
and 


upgrade 
kits. 


Table 
1 lists 
PLD GUPI 
adaptors 
and the 
devices 


they support. 
Table 2 lists EPROM adaptors 
and the 


devices 
they 
support. 
Table 
3 
lists 
programming 


support 
for Microcontrollers. 
Table 
4 lists the 
pro- 


gramming 
adaptors 
for automotive 
Microcontrollers. 


Note 
that 
these 
tables 
are 
current 
at the 
time 
of 


printing. 
Contact 
your Intel sales 
representative 
for 
information 
on current 
support. 


Device 
GUPI 
GUPI 
GUPI 
GUPI 
GUPI 
GUPI 


Type 
LogiC-liD 
20D20J 
24D28J 
40D44J 
Logic-18 
85EPLD28 


PLD 
5C060 
85C220 
85C224 
5AC324 
5C180 
85C508 


85C060 
5C031 
85C960 


5C090 
5C032 
85C090 
5AC312 


Package 
DIp· 
DIP 
DIP 
DIP 
PLCC·· 
DIP 
Types 
PLCC 
PLCC 
PLCC 
PLCC 


·ADAPT 
units available 
to adapt 
DIP socket 
for PLCC package. 


··GUPI 
LOGIC-18G 
is available 
to support 
the 5C180G. 


intel· 


Device 
GUPI 
GUPI 
GUPI 
GUPI 


Type 
27010 
27210 
27960 
EPROM28 


EPROM 
27010 
27210 
27960CX 
2764A 


27C010 
27C21 0 
27960KX 
27C64 


27C010A' 
27C220 
87C64 


27C100 
27C240 
27128A 


27C020 
27C400" 
27C128 


27C040 
27C202 
27256 


87C75PF 
27C256 
68C257 
87C257 
27512 


, 
27C512 
27513 
27C513 
27011 
27C011 


Package 
DIP 
DIP 
CJCC 
DIP 


Types 
PLCC 


'Programming 
algorithm 
available 
on request. 


"Supported 
with 27C240 
to 27C400 
pin conversion 
adaptor 
and 10 override. 


Device 
GUPI 
GUPI 
GUPI 
Type 
8742 
8796 
MC8-96LCC 


Peripheral 
8741AH 
8742AH 


Microcontroller 
8796BH 
8796JC 
8794BH 
8797BH 
8795BH 
87C196KB 
8797BH 


Package 
DIP 
PGA 
LCC 
Types 
DIP 


Device Type 
GUPIMCS96 
GUPIC196 
GUPIC196KX 
GUPI196KJ 
GUPI87C51GBPLCC 
GUPIMCS51FX 


Microcontroller 
8796BH 
87C194 
87C196KR 
87C196KJ 
87C51GB 
87C51 


879XJC 
87C198 
87C196JR 
87C51FA 


8797JF 
87C196KB 
87C196KO 
87C51FB 


87C196KC 
87C196JO 
87C51FC 


87C196KD 
87C54 
87C58 


Package 
Types 
PLCC 
PLCC 
PLCC 
PLCC 
PLCC 
PLCC 
PLCC 
PLCC 


• 
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iPPS software, included with the iUP-PC, performs 
the following functions to make programming quick 
and easy: 
• Reads EPROMs, EPLDs and microcontrollers. 
• Programs devices from a preprogrammed master 
or from a file. 
• Verifies devices data with buffer data. 
• Prints devices buffer, or device file contents to 
system printer. 


• Performs interactive formatting operations such 
as interleaving, nibble swapping, bit reversal, and 
block moves. 
• Programs 
multiple 
devices 
from 
source 
file, 
prompting user to insert new devices. 


• Buffer contents can be edited. 


With iPPS software, the user can load programs 
from system memory or directly from a disk file. Ac- 
cess to the disk lets the user create and manipulate 
data in a virtual buffer. This block of data can be 
formatted for use with byte- or word-wide devices. 


iPPS software supports data manipulation in the fol- 
lowing Intel formats: 8080 hexadecimal ASCII, 8080 
absolute object, 8086 hexadecimal ASCII, 8086 ab- 
solute object, 80286 absolute object, and 80386 
bootloadable object. Addresses and data can be 
displayed in binary, octal, decimal, or hexadecimal. 
The user can easily change default data formats as 
well as number bases. Object module formats from 
some 80386 and later compilers and assemblers are 
not compatible with the iPPS software. 


iPPS runs on an IBM PC/XT, PC/AT or other true 
compatible with a DOS operating system. The PCPP 
requires one full-sized card slot inside the PC. 


PCPP: 
Worst-Case 
Power Consumption 
at 
IBM PC I/O Channel 


Supply 
Voltage 
Max. Current 


Voltage 
Variance 
Drain 


+5V 
+5%, 
-4% 
1.898 A 


-12V 
+10%, 
-9% 
102.9 mA 


+12V 
+5%, 
-4% 
530mA 


Physical Characteristics 


PCPP: 


Length: 13.3 inches (33.9 cm) 
Height: 
3.9 inches (10.0 cm) 


50 lead ribbon cable 
Length: 3.0 feet (91.4 cm) 
Width: 2.43 inches (5.5 cm) 


Length: 7.0 inches (17.8 cm) 
Width: 5.5 inches (1.4 cm) 
Height: 1.6 inches (4.1 cm) 
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Reading 
Programming 
Operating 
Non-Operating 


10·C to 40·C 
25·C 
±5·C 
10·C to 40·C 
- 40·C to 70·C 


Operating 
Non-Operating 
85% Maximum 
95% Maximum 


Order Code 


iUPPC 


Product 
Description 


Universal 
Programmer 
for 
the 
Personal 
Computer: 
PCPP Pro- 
gramming 
Card, 50-Lead 
Inter- 
connect 
Cable, 
iUP-GUPI, 
iPPS, PCPP User's 
Guide 


28-Pin 
PLCC 
Socket 
Adaptor 


for GUPI LOGIC-liD 


GUPI LOGICIID 


GUPI40D44J 


GUPI85EPLD28 


GUPI20D20J 


GUPI24D28J 


GUPI LOGIC18 


GUPI LOGIC18G 


GUPI27010 


GUPI27210 


GUPI27960 


GUPI EPROM28 


GUPI8742 


GUPI8796 


44-Pin 
PLCC 
Socket 
Adaptor 


for GUPI LOGIC-liD 


Generic 
Universal 
Programmer 


Interface 
(Base) 


GUPI Logic Adaptor 


GUPI Logic Adaptor 


GUPI Logic Adaptor 


GUPI Logic Adaptor 


GUPI Logic Adaptor 


GUPI Logic Adaptor 


GUPI Logic Adaptor 
for 5C180 


PGA 


iUP-GUPI 
EPROM 
Adaptor 


iUP-GUPI 
EPROM 
Adaptor 


iUP-GUPI 
EPROM 
Adaptor 


iUP-GUPI 
EPROM 
Adaptor 


iUP-GUPI 
Peripheral 
Adaptor 


iUP-GUPI 
Microcontroller 


Adaptor 


iUP-GUPI Microcontroller 
Adaptor 


(Order GUPI EPROM28 
and 


piUPGUPI) 


32-Pin 
PLCC 
Socket 
Adaptor 


for 28-Pin DIP Sockets 


• 
Provides 
Programming 
Support 
for 
Intel EPROMs, 
PLDs, Microcontrollers, 
and Peripherals 


• 
PROM Programming 
Software 
(iPPS) 
Makes Programming 
Easy with IBM 
PC/XT*, 
PCI AT·, 
and PC Compatibles 


• 
Supports 
Personality 
Modules 
and 
GUPI Base WI Adaptors 


• 
iUP-200A 
Provides 
On-Line 
Operation 


with a Built-In Serial RS232 Interface 
and Software 
for a PC Environment 


• 
iUP-201A 
Provides 
Same On-Line 


Performance 
and Adds Keyboard 
and 


Display for Stand-Alone 
Use 


• 
iUP-201A 
Stand-Alone 
Capability 


Includes 
Device 
Previewing, 
Editing, 


Duplication, 
and Download 
from any 


Source 
Over RS232C 
Port 


The iUP-200A and iUP-201A Intel universal programmers program and verify data in Intel programmable 
devices. The iUP-200A and iUP-201A provide on-line programming and verification using Intel's PROM pro- 
gramming software (iPPS). The iUP-201A supports off-line, stand-alone program editing, duplication, and 
memory locking. 


intel.. 


The iUP-200A universal programmer operates in on- 
line mode. The iUP-201A universal programmer op- 
erates in both on-line and off-line modes. 


On-Line System Hardware 


The iUP-200A and iUP-201A universal programmers 
are free-standing units that, when connected to a 
host computer with at least 64K bytes of memory, 
provide on-line programming and verification of Intel 
programmable devices. In addition, the iUP can read 
the contents of the ROM versions of supported de- 
vices. 


The iUP communicates with the host through a stan- 
dard RS232C serial data link. Each iUP contains a 
CPU, selectable power supply, static RAM, program- 
mable timer, 
interface 
for 
personality 
modules, 
RS232C interface for the host system, control firm- 
ware in EPROM, and a connector to the GUPI (Ge- 
neric Universal Programmer Interface) base. The 
iUP-201A also has a keyboard and display. 


A personality module or GUPI Adaptor adapts the 
iUP to a family of devices; it contains all the hard- 
ware and software necessary to program either a 
family of devices or a single Intel device. The user 
inserts the personality module/GUPI base into the 
universal programmer front panel. An iUPDL Up- 
grade Kit supports down-Ioadable algorithm files. 


On-Line System Software 


The iUP-200A and iUP201A includes Intel's PROM 
Programming software iPPS.iPPS software provides 
user control through an easy-to-use interactive inter- 
face. iPPS software performs the following functions 
to make EPROM programming quick and easy: 


• Reads devices 
• Programs devices from a pre-programmed mas- 
ter or from a file 


• Verifies device data with buffer data 
• Locks device memory from unauthorized access 


(on devices which support this feature) 
• Prints device contents to a system printer 


• Performs interactive formatting operations such 


as interleaving, nibble swapping, bit reversal, and 
block moves 


• Programs multiple devices from the source file, 


prompting the user to insert new devices 


• Buffer contents can be edited 


All iPPScommands, as well as program address and 
data information, are entered through the host sys- 
tem ASCII keyboard and displayed on the system 
CRT. 


iPPS software supports data manipulation in the fol- 
lowing Intel formats: 8080 hexadecimal ASCII, 8080 
absolute object, 8086 hexadecimal ASCII, 8086 ab- 
solute object, 80286 absolute object, and 80386 
boot-Ioadable object. Addresses and data can be 
displayed in binary, octal, decimal, or hexadecimal. 
The user can easily change default data formats as 
well as number bases. iPPS can also access disk 
files. 


Object module formats from some 80386 and later 
compilers and assemblers are not compatible with 
the iPPS software. 


For programming Intel PLDs, the iUP-200Al201A 
can be controlled by Intel's Advanced Programming 
Tool (APT). APT programs PLDs from JEDEC files 
produced by Intel's logic compiler. (iPPS can also 
program PLDs, but only from pre-programmed de- 
vice masters.) 


Off-Line System 


The iUP-201A has all the on-line features of the 
iUP-200A plus off-line editing, device duplication, 
program verification, and locking of device memory 
Independent of the host system. The iUP-201A also 
accepts Intel hexadecimal programs developed on 
non-Intel development systems. Just a few key- 
strokes download the program into the iUP RAM for 
editing and loading into a device. 


Off-line commands are entered via a 16-character 
keypad. A 24-character display shows programmer 
status. 
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For some devices, 
a personality 
module 
is the inter- 
face 
between 
the iUP universal 
programmer 
and a 
selected 
device. 
Personality 
modules 
contain 
all the 
hardware 
and firmware 
for reading and programming 
a family 
of Intel devices. 
Table 
1 lists the devices 
supported 
by the different 
modules. 


For many devices, 
the GUPI base module 
and inter- 
changeable 
GUPI Adaptors 
provide the interface 
be- 
tween 
the 
programmer 
and 
the 
device 
being 
pro- 
grammed 
(see Figure 1). The GUPI module is a base 
module 
that 
intefaces 
to the 
iUP-200A/201A 
and 
GUPI Adaptors. 
GUPI Adaptors 
tailor the GUPI mod- 
ule base signals to a family of devices 
or an individu- 
al device. 


The 
GUPI 
27011 
adaptor, 
which 
supported 
the 
page-mode 
27011, 
is now 
replaced 
by the 
GUPI 
EPROM28, 
which 
also adds support 
for the CMOS 
version 
(27C011). 
Devices 
supported 
in the past by 
the iUP-FAST27/K 
Personality 
Module are now sup- 
ported 
by the 
GUPI 
EPROM28 
adaptor 
and 
the 
GUPI base module. 
The GUPI EPROM28/iUP-GUPI 
base combination 
does not support 
the following 
ob- 
solete 
devices: 
2764, 
27128, 
27916, 
2817 A, 
87C256. 
The GUPI EPROM28 
adaptor 
corrects/up- 
dates 
programming 
algorithms 
from 
the 
iUP- 
FAST27/K 
and upgrade 
kits. 


Tables 
2 through 
5 show 
which 
Adaptors 
support 
which devices. 
Note that these tables 
are current 
at 
the time of printing. 
Contact 
your Intel sales 
repre- 


sentative 
for information 
on current 
support. 
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Device Type 
Fast 27/K 
F271128 
F87144A 
F87/51A 
Module 
Module 
Module 
Module 


EPROM 
Obsoleted 
2716 
(See GUPI 
2732 
EPROM28) 
2732A 
2764 
27128 


Microcontroller 
8041A 
8748 


8042 
8748H 


8044AH 
8749H 


8741H 
8751 


8742 
8751H 


8744H 
8048 


8755A 
8048H 
8049 
8049H 
8050H 
8051 


Device 
GUPI 
GUPI 
GUPI 
GUPI 


Type 
27010 
27210 
27960 
EPROM28 


EPROM 
27010 
27210 
27960CX 
2764A 


27C010 
27C21 0 
27960KX 
27C64 


27C010A· 
27C220 
87C64 


27C100 
27C240 
27128A 


27C020 
27C400·· 
27C128 


27C040 
27C202 
27256 


87C75PF 
27C256 
68C257 
87C257 
27512 
27C512 
27513 
27C513 
27011 
27C011 


Package 
DIP 
DIP 
CJCC 
DIP 


Types 
PLCC 


NOTE: 


·Programming algorithm available on request. 


··Supported with 27C240 to 27C400 pin conversion adaptor and ID override. 


• 


Device 
GUPI 
GUPI 
GUPI 
GUPI 
GUPI 
GUPI 
Type 
Logic-liD 
20D20J 
24D28J 
40D44J 
Loglc-18 
85EPLD28 


PLD 
iPLD610 
85C220 
85C224 
5AC324 
5C180 
85C508 


5C060 
5C032 
85C960 
85C060 
5C031 
iPLD910 
5C090 
85C090 
5AC312 


Package 
DIP' 
DIP 
DIP 
DIP 
PLCC" 
DIP 


Types 
PLCC 
PLCC 
PLCC 
PLCC 


*ADAPT 
units available 
to adapt 
DIP socket 
for PLCC package. 


**GUPI 
LOGIC-18PGA 
is available 
to support 
the 5C1800. 


Device 
GUPI 
GUPI 
GUPI 
Type 
8742 
8796 
MC5-96LCC 


Peripheral 
8741AH 
8742AH 


Microcontroller 
8794BH 
8796JC 
8795BH 
8797BH 
8796BH 
87C196KB 
8797BH 


Package 
DIP 
PGA 
LCC 
Types 
DIP 


Device Type 
GUPIMCS96 
GUPIC196 
GUPIC196KX 
GUPI196KJ 
GUPI87C51GBPLCC 
GUPIMCS51FX 


Microcontroller 
8796BH 
87C194 
87C196KR 
87C196KJ 
87C51GB 
87C51 


879XJC 
87C198 
87C196JR 
87C51FA 


8797JF 
87C196KB 
87C196KO 
87C51FB 


87C196KC 
87C196JO 
87C51FC 


87C196KD 
87C54 
87C58 


Package 
Types 
PLCC 
PLCC 
PLCC 
PLCC 
PLCC 
PLCC 
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Physical Characteristics 


Depth: 
15 inches 
(38.1 cm) 


Width: 
15 inches 
(38.1 cm) 


Height: 
6 inches 
(15.2 cm) 


Weight: 
15 pounds 
(6.9 kg) 


Selectable 
100,120,200, 
or 240 Vac ± 10%; 50-60 
Hz 


Maximum 
power 
consumptio~O 
watts 


• 


Environmental 
Characteristics 


Reading Temperature: 


Programming 
Temperature: 


Operating 
Humidity: 


10·C to 40·C 


25·C 
±5· 


10% 
to 
85% 
relative 
humidity 


166041-001- iUP-200A/201A 
Universal 
Program- 
mer User's 
Guide. 
166042-001- Getting 
Started 
with 
the 
iUP-200A/ 


201A 
(For ISIS/iNDX 
Users). 
166043-001- Getting 
Started 
with 
the iUP-200A/ 


201A (For DOS Users). 


164853 
- 
iUP-200A/201A 
Universal 
Program- 
mer Pocket 
Reference. 


Product 
Order 
Code 


PIUP200A 
2160 


PIUP200/201 
U1' 


Upgrade 
Kit 


IUPDL 


Description 


On-line 
PROM 
programmer 


with 
iPPS 
rei 
2.0 
for 
PCI 


DOS, and cable for PC or XT 


On-line 
PROM 
programmer 


with 
iPPS 
rei 
2.0 
for 
PCI 


DOS, and cable for AT 


Off-line 
and 
on-line 
PROM 


programmer 
with 
iPPS 
rei 


2.0 for 
PC/DOS, 
and 
cable 


for PC or XT 


Off-line 
and 
on-line 
PROM 


programmer 
with 
iPPS 
rei 


2.0 for 
PC/DOS, 
and 
cable 


for AT 


Upgrades 
an iUP-200/201 
to 


an iUP-200Al201A 


Download 
Support 
Kit 
for 


iUP-200Al201 
A 
upgrades 


programmer 
to 
support 


adaptors 
that 
use 
disk- 


based 
software 
program- 


ming (.DSS) files. • 
'Most 
personality 
modules 
can be used oniy with an 


iUP-200Al201A 
or an iUP-200/iUP201 
upgraded 
to 


an A with the PIUP-200/201 
U1 upgrade 
kit. 


Product 
Order 
Code 


PIUP-GUPI 


Description 


Generic 
Universal 
Program- 


mer Interface 
(Base) 


Product 
Order 
Code 


P216D 


Description 


PROM 
programming 
software 
rei 2.0 for 


PC/DOS 
with cable for PC or PC/XT 


PROM 
programming 
software 
rei 2.0 for 


PC/DOS 
with cable for PC/AT 


int:el. 
ARTICLE 
REPRINT 
AR-703 


Personalizing PLD design work 


By JAY STURGES 


SENIOR SoFTwARE 
ENGINEER 


INTEL CORP. 


FOLSOM. CALIF. 


ecent 
years 
have 
brought a spate of ad- 
vances in PLD-devel- 
opment tools and their 
underlying technology, 
including the transition 
from 
device-depen- 
dent, 
restricted 
PLD 
design 
languages 
to 
device-independent, 
Boolean equation and 


finite state-machine design languages. An 
associated advancement is the integration 
of standard 
PLD development 
systems 


with major CAE vendor design environ- 
ments. However, with all these improve- 
ments, there is still no intuitive PLD design 
tool set where a designer can achieve true 
universal PLD device and vendor support. 


With hundreds 
of PLD architectures, 


made by dozens of IC vendors, 
it's not 


surprising that no single tool provides all 
the engineer's support. By the same token, 
a designer can't find a PLD design tool that 
can cover his various PLD design method 
and language requirements. 
Thus, 
engi- 
neers are forced to use multiple PLD tools 
to meet their needs and have additional 
learning requirements. 
Currently, there are three distinct types 


of PLD-design 
tools-manufacturer-spe- 
cific, universal and comprehensive. 
Each 


tool in these three categories offers the 
engineer some solutions to the develop- 
ment cycle. However, each has problems 
that lead the engineer to use more than one 
PLD-design tool. 


Manufacturer -specific tools provide sup- 


port for early development of new PLD 
architectures 
(before universal tools can 


bring up their support). By providing PLD 
tools. makers ensure that system-design 
engineers 
will have immediate develop- 


ment capabmty for their most-advanced 
PLD devices. 
Some manufacturers 
will 


even make this capability available prior to 
the availability of new PLD silicon. 


In addition. manufacturer-specific tools 
willgenerally provide highlyoptimized sup- 
port for their new PLD architectures. 
By 
using proprietary fitting, allocationand sim- 
ulation technologies, PLD makers can opti- 
mize the design tools to best use their 
family of devices. 
The downside lo using manufacturer- 


specific tools is that they generally don't 
support 
the architectures 
of other PLD 
makers. They also incorporate new func- 
tionality (requiring additional learning) so 
that advanced device support can be opti- 
mized. As an example, optimal support for 
a complex device, such as Intel's 5AC312, 
requires the ability to "borrow" groups of 


Universal PLD tool vendors 
provide 


tools offering a level of PLD device and 
vendor independence. 
Universal vendors 


promote 
device-independent 
systems, 


sometimes including languages with higher 
levels of abstraction and partitioning algo- 
rithms. Their support includes as large a 
list of PLD manufacturers as possible. This 
gives the system design engineer the abili- 
ty to select from a large list of PLD devices 
and vendors. Yet, trying to support a large 
fist of architecturally different PLDs means 
that support for particular devices, includ- 
ing the most advanced ones, is commonly 
sacrificed. 


Among the most comprehensive 
PLD 


tools are those suppfied by major CAE 


logic in the device and "allocate" them as 
the user targets his design in the device. 


The 
company's 
manufacturer-specific 
tool does this using software algorithms but 
requires the user to leave pin definitions 
unassigned. Many users will not take ad- 
vantage of this capability, because the oth- 
er tools they employ require pin assign- 
ment prior to use. So, to use the tool, a 
change in PLD design method as compared 
with other PLD design tools is required. 


vendors, 
who provide an entire 
design 


methodology 
integrating 
universal 
and 


manufacturer-specific PLD tools, as well as 
other semicustom capabmties. They try to 
solve design problems by providing a com- 
plete electronic design automation (EDA) 
methodology. 
Typically referred 
to 
as 


frameworks, these solutions are supported 
by alliances between the CAE vendors and 
manufacturer-specific and/or universal PLD 
tool vendors. 
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These 
alliances 
produce 
interfaces 
al- 
lowing the PLD tools to be integrated 
into 
the EDA methodology. 
But, 
because 
each 
alliance 
requires 
much development 
work. 


these 
alliances 
are 
generally 
limited 
to a 


small number 
of vendors. 
An engineer 
can't 


always 
get the tool set 
he requires 
within 
the framework. 
Furthermore. 
the costs 
of 
using these 
frameworks 
is often 
very 
high 


in both dollar outlays 
and engineer 
training. 
For 
each 
of the 
three 
PLD-tool 
types. 
shortcomings 
exist 
for providing 
universal. 
low-cost 
support 
for the 
design 
of PLDs. 


This 
introduces 
an idea for a new class 


of PLD 
tools: 
a PLD 
micro-framework. 
Such 
a tool 
should 
be 
built 
around 
the 


theme 
of letting 
the engineer 
"have 
it his 


way." 
It should 
provide 
a workbench 
for 


PLD development. 
providing 
design 
engi- 


neers 
with 
a way 
to integrate 
different 


PLD 
tools. 
methods 
and 
languages. 
It 


should 
be structured 
around 
an intuitive 
user 
interface. 


The 
PLD 
micro-framework 
should 
pro- 


vide a generic 
environment 
for editing. com- 


piling. viewing. simulating. 
prograrruning 
and 


even disassembling 
ID. These 
ace the steps 
needed 
to generate 
a PLD design, 
indepen- 
dent of the PLD device or vendor 
selected. 


Within 
each 
of these 
steps, 
the 
engineer 


should be able to configure 
the programs 
he 


runs to his individual needs. 
There 
are a few 


requirements 
of a 
PLD 
micro-framework 


software 
design 
package: 


• Consistent user interface: The 
tool 


should 
try to minimize 
the user's 
learning 


curve 
for incorporating 
new PLD capabili- 


ties by presenting 
users 
with a consistent, 


intuitive 
environment 
for PLD design. 
By 


entering 
various 
stages 
of PLD design 
via 


the 
framework, 
the 
user 
should 
be con- 


stantly 
aware 
of where 
he is in the design 


cycle and how he can move rapidly through 
the cycle. 
The 
PLD framework 
should 
act 


as a dispatcher. 
administering 
execution 
of 


the 
PLD 
design. 


• Preserve existing user-knowtedge in- 


vestmmt: 
The 
PLD 
design 
cycle 
incorpo- 


rates 
a series 
of separate 
softwace-<lesign 


programs. 
A user 
will use a text 
editor 
to 


create 
a design 
file (e.g .• Boolean 
expres- 


sion, 
state-machine 
expression 
or 
net-list 
file). 
He then 
will proceed 
to a compiler. 
which 
will take 
the 
design 
description 
file 
created 
in the editor 
and translate 
it into a 
target 
device 
(e.g., 
minimize Boolean equa- 
tions. 
produce 
Jedec 
prograrruning 
files). 
After 
completing 
the 
design, 
the 
engineer 
will program 
the file into a target 
device. 


The 
user 
may use different 
vendors 
for 
each 
of the programs. 
As an example. 
an 
AEDIT 
text 
editor. 
Intel 
PLO 
compiler 


(iPLS). 
and 
Data 
VO programmer 
(e.g., 


Unisite) 
may be chosen. 
For each of these 


systems. 
an investment 
has been 
made 
in 
training. 
The 
framework 
should 
allow 
these 
investments 
to be preserved. 
This 


should 
be made 
possible 
by enabling 
the 
user 
to configure 
the 
framework 
for edit- 
ing. compiling 
and programming 
software. 
• Allow 
integration 
of 
multiple-PLD 
compilers: There's 
a constant 
stream 
of 
new PLD design 
tools 
(manufacturer-spe- 
cific) to support 
new PLD devices. 
These 
enable 
fast 
time-to-market 
for support 
of 
new 
PLD 
products. 
These 
also can offer 
more 
optimum 
device 
utilization 
than 
can 
universal 
tools. 
The framework 
should pro- 
vide an environment 
for running 
many dif- 
ferent 
PLD 
compiler 
programs. 
Users 
should 
be able to quickly add and 
inventory 
PLD tools from both manufactur- 
er-specifIC 
and 
universal 
vendors. 
This 
would 
result 
in the ability 
of design 
engi- 
neers 
to 
move 
easily 
between 
different 
types 
of design 
tools 
to incorporate 
new 
PLD devices 
and better 
optimize 
their indi- 
vidual 
PLD 
designs. 
• Import and upgrade the PALasm syn- 
tax: A large percentage 
of PLD designs 
use 
PALasm or a PALasm-like 
syntax. 
The PLD 
framework 
tool should incorporate 
a compil- 
er that 
can import 
PALasm 
syntax 
(which 
assumes 
PALs 
as target 
devices) 
and, 
in 
fact, upgrade 
the language to allow for PLD- 
independent 
design. 
By migrating 
PALasm 
to this device-independent 
syntax, 
designs 
could be easily migrated 
between 
ID . 
Users 
should 
be 
able 
to 
use 
the 
new 
language 
syntax 
to store 
device-indepen- 
dent 
design 
modules 
and use them 
at var- 
ious 
levels 
of PLO 
integration 
in future 


designs. 
Little learning 
would be required, 


since 
users 
are 
already 
familiar 
with 


PALasm. 
In addition. 
since most 
manufac- 


turer-specific 
tools 
have 
the ability 
to im- 


port PALasm 
syntax, 
mobility 
would exist 


between 
these 
tools. 


• Additional PW 
design utilities: The 


framework 
should include the ability to dis- 


assemble 
Jedec 
files into source, 
view fdes 


quickly 
and 
move 
easily 
within 
the 
DOS 


environment. 
The 
disassemble 
utility 


would allow engineers 
to identify functiona- 


lity of ID without 
source 
files readily acces- 


sible. 
By reading 
a device's 
Jedec 
pattern 


(for 
example, 
from 
a programmer), 
the 


designer 
can disassemble 
the Jedec 
into a 


source 
file that includes 
the Boolean 
repre- 


sentation 
of functionality. 


Intel 
is now 
providing 
a tool 
aimed 
at 


filling the needs 
outlined 
above. 
The 
com- 


pany's 
PLOshell 
program 
provides 
a new 


capability 
in PLD 
tools. 
It 
provides 
the 


micro-framework 
outlined 
above 
for PLD 


design. 
It includes 
a user 
interface 
tailored 


specifically 
for the 
PLD 
design 
engineer. 


Within this interface, 
the user can custom- 


ize 
editors, 
compilers 
and 
programming 


environments 
to preserve 
past investment 


in learning 
(see 
figure). 


Additional 
capability 
also has 
been 
pro- 


vided 
specifically 
for PLD 
design. 
A new 


PLDasm 
compiler 
is included 
that 
allows 
I 


new 
capabilities 
in a very 
familiar 
format. II 
The 
user 
can upgrade 
designs 
initially tar- 


geted 
for PALs 
to use the advanced 
capa- 


bilities 
available 
in newer 
PLD 
devices. 


PALasm 
files can also be imported. 
More- 


over, 
users 
can recover 
design 
information 


by disassembling 
existing 
Jedec 
fdes. 


Since 1988. Jay Sturges 
has worked as a senior 
software engineer for In- 
tel's programmable logic 
focus group. He has been 
involved in CAD 
and 


CAE 
for 
the past 
JO 


years. Prior to Intel. he 


helped create SuperCads, a small develop- 
ment company in northern California. 
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intel· 


PLD Programming 
Support 


Vendor 
Product 
Module 
Adaptor /Devlce/Verslon/Etc. 


Advin 
Sailor PAL/SA 
- 
DIPs:5C031,5C032,5C060 
Sailor PAL/SB 
- 
(same as above) 
w/EM-900 
DIP: 5C090 
w/EM-1800 
PLCC: 5C180 
w/PLCC 
Adap. 
PLCCs: 5C060, 5C090 


BP Micro 
PLD-1100 
- 
V1.46-DIPS: 
85C220, 
85C224, 
5AC312, 
5C031, 


5C032, 5C060 
w/socket 
converter 
from outside source-PLCCs: 


85C220,85C224,5AC312,5C060 


PLD-1128 
- 
V1A6-DIPs: 
85C220, 
85C224, 
5AC312, 
5C031 , 5C032, 


5C060 
w/socket 
converter 
from outside source-PLCCs: 


85C220,85C224,5AC312,5C060 


Bytek 
135H-U 
UNICEL 
w/LTAOOC-DIPs: 
5C031 , 5C032, 5C060, 5C090, 


5C180, 5AC312,85C220, 
85C224 


145H-AD 
- 
DIPs: 5C031 , 5C032, 5C060, 5C090, 5C180, 5AC312, 
85C220, 85C224 


Data I/O 
UNISITE 
SITE 40/48 
V3.1-DIPS: 
85C220, 
85C224, 85C060, 
85C508, 


5AC312, 
5AC324, 
5C031, 5C032, 5C060, 5C090 
CHIPSITE 
V3.1-PLCCs: 
85C220, 85C224, 
85C060, 
85C508, 


5AC312, 
5AC324, 
5C060, 5C090, 5C180 


Model 2900 
- 
V1.1-DIPs: 
85C220, 
85C224, 85C060, 
85C508, 


5AC312,5AC324,5C031,5C032,5C060,5C090 
V1.1-PLCCs: 
85C220, 
85C224, 
85C060, 85C508, 


5AC312,5AC324,5C060,5C090 


Model29B 
LogicPak 
VA 
303A-011 A (V1 O)-DIPs: 
85C220, 
85C224, 
85C060, 


5AC312,5C031,5C032,5C060 
303A-011B 
(V05)-PLCCs: 
85C220, 
85C224, 
85C060, 


5AC312,5C031,5C032,5C060 
303A-010 
(V03)-DIP 
& PLCC: 85C090, 
5C090 


Model60AlH 
- 
DIPs: 5C031 , 5C032, 5C060 


Digelec 
860 
- 
DIPs: 5C031 , 5C032, 5C060, 5C090 
w/8601 
PLCCs: 5C060, 5C090, 5C180 


Elan 
1014 
- 
DIPs: 5C032, 5C060, 5C090 
w/socket 
converter 
from outside source-PLCCs: 


5C060,5C090 


5-145 
- 
DIPs: 5C032, 5C060, 5C090 
w/socket 
converter 
from outside source-PLCCs: 


5C060, 5C090 


•• 


int:el. 


PLD Programming 
Support 
(Continued) 


Vendor 
Product 
Module 
Adaptor /Device/Verslon/Etc. 


Intel 
iUP-PC 
GUPI Base 
GUPI LOGICIlD-DIPs: 
85C060, 
85C090, 
5AC312, 


iUP-200Al201 
A 
(both prog.) 
5C060, 5C090 
w/ADAPT24T028-PLCCs: 
85C060, 
5AC312, 
5C060 


w/ADAPT40T044-85C090 
(PLCC), 5C090 (PLCC) 


GUPI 20D20J-85C220 
(DIP & PLCC), 5C032 (DIP), 


5C031 (DIP) 
GUPI 24D28J-85C224 
(DIP & PLCC) 
GUPI 40D44J-5AC324 
(DIP & PLCC) 
GUPI LOGIC-18-5C180 
(PLCC) 


GUPI LOGIC-18G-5C180 
(PGA) 


Kontron 
EPP-80 
UPM/B 
5C031,5C032,5C060, 
5C090, 5C180 
UPM/C 
5C031 , 5C032,5C060, 
5C090, 5C180 


MPP-80 
UPM/B 
5C031,5C032,5C060, 
5C090, 5C180 
UPM/C 
5C031 , 5C032,5C060,5C090, 
5C180 


Logical Dev. 
ALLPRO 
- 
V2.1-DIPs: 
85C220, 
85C224, 
85C060, 
85C090, 


85C508, 85C960, 
5AC312, 
5AC324, 
5C031 , 5C032, 


5C060, 5C090 
wi socket converters 
from outside source-PLCCs: 


85C220, 
85C224, 85C060, 
85C090, 
85C508, 
5AC312, 


5AC324,5C060, 
5C090, 5C180 


Minato 
1890A 
- 
5C031 , 5C032, 5C060, 5C090, 5AC312, 
85C060, 


85C220,85C508,85C960 


Oliver Adv. Eng. 
OMNI-28 
- 
DIPs: 85C220, 
5C031 , 5C032, 85C224, 
85C060, 


5AC312, 
5C060 
w/OM-S-20 
LCC-85C220 
(PLCC) 
w/OM-S-24 
LCC-85C224 
(PLCC), 85C060 
(PLCC), 


5C060 (PLCC) 


OMNI-40 
All DIPs above + DIPs: 85C090, 
5AC324, 
5C090, 


5C121 
w/OM-S-40 
LCC-85C090 
(PLCC), 5AC324 
(PLCC), 


5C090 (PLCC) 


OMNI-64 
All DIPs above 
w/OM-S-68 
LCC-5C180 
(PLCC) 


SMSGmbH 
Sprint Plus 
- 
V3.2i-DIPs: 
5C031 , 5C032, 5C060, 5C090, 5AC312 


w/Pod 
5C180 (PLCC) 


Stag 
ZL-30 
- 
DIPs:5AC312,5C031,5C032,5C060 


ZL30A 
- 
DIPs:5AC312,5C031,5C032,5C060 
w/30A640 
5AC312 
(PLCC), 5C060 (PLCC), 5C090 (DIP & PLCC) 


ZL33 
- 
DIPs: 5C031, 5C032, 5C060 


PPZ 
- 
DIPs: 5C031 , 5C032, 5C060, 5C090 


System 3000 
- 
DIPs: 5AC312,5C031,5C032,5C060, 
5C090, 5C180 


System General 
SGUP-85A 
- 
V2.G-DIPs: 
85C220, 
85C224, 
85C508, 
85C960, 


5AC312,5C031,5C032,5C060,5C090 
wi adapters-PLCCs: 
85C220, 
85C224, 85C508, 


85C960, 
5AC312, 
5C060, 
5C090 


TURPRO-1 
- 
V1.1-85C220, 
85C224, 
85C508, 85C090, 
5AC312, 


5AC324,5C031,5C032,5C060,5C090,5C180 


infel· 


Vendor 
Information 
Product 
Description 


Advin Systems 
Inc. 
Sailor PAL/SA 
Univ. 28 Pins + Expansion 
Modules 


1050 E. Duane Ave., Suite L 
Sailor PAL/SB 
Univ. 28 Pins + Expansion 
Modules 
Sunnyvale, 
CA 94086 
Univ. 24-, 28-, 32-, or 40-Pin Programmers 
+ 


(408) 984-8600 
Expansion 
Modules 
(PLCC) 


BP Microsystems 
PLD-1100 
20/24 
Pins + PLCC Socket 
Converters 
10681 Haddington, 
# 190 
PLD-1128 
28 Pins + PLCC Socket 
Converter 


Houston, 
TX 77043 
(800) 225-2102 
or (713) 461-9430 


Bytek Corp. 
135H-U 
Universal 
MUL TIPROGRAMMERiB> 


Instrument 
Systems 
Division 
145H-U 
Logic Programmer 
543 N. W. 77th St. 
Boca Raton, FL 33487 
(800) 523-1565, 
(407) 994-3520 
FAX (407) 994-3615 


Data I/O Corp. 
UNISITE 40/48 
Univ. 68 Pins-CHIPSITE 
for PLCC 


10525 Willows 
Road, N.E. 
Model 2900 
Univ. 40 Pins-DIP 
and PLCC 
P.O. Box 97046 
Model29B 
Univ. 40 Pins-LogicPak 
for PLDs 


Redmond, 
WA 98073-9746 
Model60AlH 
Univ. 28 Pins-H 
= Handler Version 


(800) 247-5700 
or (206) 881-6444 
FAX (206) 882-1043 


Digelec Inc. 
Uniport 
PLD Programmer 
+ PLCC Adaptor 


20144 Plummer 
St. 


Chatsworth, 
CA 91311 


(800) 367-8750 
or (818) 701-9677 
FAX (818) 701-5040 


Elan Digital Systems 
1014 
Univ. + PLCC Socket Converters 


538 Valley Way 
5-145 
Programmer 
+ PLCC Socket 
Converters 
Milpitas, CA 95035 
(800) 541-3526 
or (408) 946-8495 


FAX (408) 946-0351 


Intel Corporation 
iUP-PC 
Intel PC-Based + GUPI Adaptors 
(See Sales Office and Distributor 
iUP-200Al201 
A 
Intel Standalone 
+ GUPI Adaptors 


Listings at Back of Handbook.) 


Kontron 
EPP-80 
Univ. + UPM Modules 
244 Sobrante 
Way 
MPP-80 
Univ. + UPM Modules 
Sunnyvale, 
CA 94086 
(800) 227-8834 
or (408) 733-0272 
FAX (408) 733-0378 


Logical Devices, 
Inc. 
ALLPRO 
Univ. 32 or 40 Pins + PLCC Socket 
Converters 


1201 N.W. 65th Place 
Ft. Lauderdale, 
FL 33309 
ALLPRO 
88 
Univ 88-Pin + PLCC Socket Converters 


(800) 331-7766 
or (305) 974-0967 
FAX (305) 974-8531 
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Vendor 
Information 
Product 
Description 


Oliver Advanced 
Engineering 
OMNI-64 
Univ. 64 Pins 
320 Arden St. 
OMNI-40 
Univ. 40 Pins 
Glendale, 
CA 91203 
OMNI-28 
Univ. 28 Pins 
(800) 828-0080 
or (818) 240-0080 
FAX (818) 240-6131 


SMSGmbH 
Sprint Plus 
Univ. 28 Pin + Expansion 
Pods 
1m Morgenthal 
13 
0-8994 
HERGATZ 
Germany 


Stag Microsystems, 
Inc. 
ZL-30 
Logic 28 Pin + PLCC Adaptor 
1600 Wyatt Drive, Suite 3 
ZL-30A 
Logic 28 Pin + PLCC Adaptor 
Santa Clara, CA 95054 
ZL33 
Gang 24 Pin 
(800) 227-8836 
or (408) 988-1118 
PPZ 
Univ. 28 Pin + PLCC 
FAX (408) 988-1232 


System General Corp. 
SGUP-85A 
Univ. 68 Pins 
244 S. Hillview Dr. 
Milpitas, CA 95035 
(408) 263-6667 
FAX (408) 262-9227 


UEC/PROMAC 
Model11A 
5C031 , 5C032, 5C060, 5C090, 


1095 Market Street 
5C180,5AC312 


Suite 701 
San Francisco, 
CA 
(415) 255-9393 
FAX (415) 255-9392 


intel· 


Vendor 
Product 
Version/Devices 
Supported 


Data I/O 
ABEL 
V4.0-8SC220, 
8SC224, 8SC060, 8SC090, 8SCS08, 


SAC312, SAC324, SC031, SC032, SC060, SC090, 
SC180 


GATES 
VS.O-Contact 
Vendor for Supported 
Devices 


PLDTest 
V1.3-Contact 
Vendor for Supported 
Devices 


Hewlett-Packard 
HP PLD Design System 
V3.4- 
SC031 , SC032, SC060, SC090, SC180 


Intel Corp. 
PLDshell 
Plus 
V3.Q-iFX780, 
iPLD610, 
iPLD910, 
iPLD22V10, 
8SC060, 


8SC090, 8SC22V10, 
8SCS08, SAC312, SAC324, 


SC031,SC032,SC060,SC090,SC180 


ISDATA 
Log/IC 
V3.3-8SC220, 
8SC224, 8SCS08, SAC312, SC031 , 


SC032,SC060,SC090,SC180 


Logic Automation 
Model Library 
SAC312,SAC324,SC031,SC032,SC060,SC090,SC180 


Logical 
Devices 
CUPL 
V3.3-8SC220, 
8SC224, 8SC060, 8SC090, 8SCS08, 


SAC312, SAC324, SC031 , SC032, SC060, SC090, 
SC180 


MINClnc. 
PLD Designer 
V1.Q-SC031, 
SC032, SC060, SC090 
V1.8-SC180, 
8SC220 
V2.0-8SCS08 
V2.1-SAC312, 
8SC224, 8SC060, 8SC090 


OrCAD Systems 
SDTIII 
V4.04-8SC220, 
8SC224, 8SC060, 8SC090, 8SCS08, 


SAC312, SAC324, SC031 , SC032, SC060, SC090, 
SC180 


PLD 
V4.02-Contact 
Vendor for Supported 
Devices 


VST 
V4.02-Contact 
Vendor for Supported 
Devices 


Silicon West 
Simulation 
Models 
8SC220,8SC224,8SCS08,SC032,SC060,SC090 


Viewlogic, 
Inc. 
Workview 
CAE 
V4.0-8SC220, 
8SC224, 8SC060, 8SC090, 8SCS08, 


8SC960, SAC312, SAC324, SC031 , SC032, SC060, 
SC090, SC180 
•• 


infel· 


Vendor 
Information 
Product 
Description 


Data I/O Corp. 
ABEL 
Logic Compiler 
S/W 
10525 Willows 
Road, N.E. 
GATES 
Logic Synthesis 
S/W 
P.O. Box 97046 
PLDTest 
PLD Test S/W 
Redmond, 
WA 98073-9746 
(206) 881-6444 


Hewlett-Packard 
Company 
HP PLD Design 
Compiler/Synthesis 
S/W 
Customer 
Information 
Center 
System 
(1-800) 752-0900 


Intel Corporation 
PLDshell 
Plus 
Compiler/Simulation 
S/W 
(See Sales Office and Distributor 
Listings at Back of Handbook.) 


ISDATAGmbH 
LOG/iC 
Compiler/Partitioner 
S/W 
Haid-und-New-Straj3e7 
(Outside 
U.S. & 
0-7500 
Karlsruhe 
Canada) 
West Germany 


ISDAT A, Inc. 
LOG/iC 
Compiler/Partitioner 
S/W 
800 Airport 
Rd. 
(U.S. & Canada) 
Monterey, 
CA 93940 
(408) 373-3607 


Logical 
Devices, 
Inc. 
CUPL 
Compiler 
S/W 
1201 NW. 65th Place 
Ft. Lauderdale, 
FL 33309 
(800) 331-7766 
or (305) 974-0967 
FAX (305) 974-8531 


MINC,lnc. 
PLDesigner-XL 
Compiler/Partitioner 
S/W 
6755 Earl Drive 
Colorado 
Springs, CO 80918 
(719) 590-1155 


OrCAD Systems 
Corp. 
OrCAD/SDT 
III 
Schematic 
S/W 
3175 NW. Aloclek 
Dr. 
OrCADIVST 
Simulation 
S/W 
Hillsboro, 
OR 97124-7135 
(503) 690-9881 


Silicon West 
Simulation 
See "Software 
Support" 
for Devices 
5150 E. Pacific Coast Highway 
Models 
Supported; 
Contact 
Vendor for Plat- 
Suite 320 
forms/Simulators 
and Devices Supported 
Long Beach, CA 90804 
(213) 494-4127 


Viewlogic, 
Inc. 
Intel PLD Kit 
Intel PLD Design Library for Workview- 
313 Boston 
Post Road West 
Schematic/Simulation 
S/W 
Marlboro, 
MA 01752 
(508) 480-0881 


intel· 


PAL *IGAL * to Intel PLD Replacement 


Already 
in wide 
use throughout 
the electronics 
in- 
dustry 
are numerous 
different 
Programmable 
Logic 
Devices. 
Most common 
PALs and GALs can be re- 
placed 
or upgraded 
with the following 
Intel PLDs: 


85C220 As a 20-Pln 
PAL Replacement 


100% 
Compatible 


The 
85C220 
is a direct, 
drop-in 
replacement 
for 
most 20-pin PALs/GALs, 
although 
some PALs have 
an incompatible 
architecture. 
The 
85C220 
runs at 
80 
MHz 
with 
external 
feedback. 
85C220 
to 
20V8 
cross 
programming 
is now 
available 
through 
the 
cross 
programming 
menu on Data 10's Unisite, 
Au- 
tosite 
2900 and 3900 programmers. 


The 
85C224 
is a direct, 
drop-in 
replacement 
for 
most 24-pin PALs/GALs, 
although 
some PALS have 
an incompatible 
architecture. 
The 
85C22.4 
runs at 
80 
MHz 
with 
external 
feedback. 
85C220 
to 20V8 
cross 
programming 
is now 
available 
through 
Data 
10's Unisite, 
Autosite 
2900 and 3900 programmers. 


10H8, -2 
12H6, -2 
14H4, -2 
16H2, -2 
10L8, -2 
12L6, -2 
16L8, A-2, A-4 
16R4, A-2, A-4 
14L4, -2 
16L2, -2 
16R8, A-2, A-4 
16R6, A-2, A-4 
16P8, -2 
16RP8, -2 
16RP6, -2 
16RP4, -2 
16V8 


16R6A 
16R4A 
16L8A 
16RP6A 
16RP4A 
16P8A 
16R8A 
16RP8A 
16V8A 
18P8 
18V8 


85C224 
As a 24-Pin 
PAL Replacement 


100% 
Compatible 


The iPLD22V10 
is 100% pin-, function- 
and JEDEC- 
compatible 
with 
industry 
standard 
22V10 
devices. 
JEDEC 
files 
developed 
for 22V10 
devices 
can 
be 
used "as is" to program 
the iPLD22V10. 


·PAL 
is a registered 
trademark 
of Advanced 
Micro 
Devices. 


·GAL 
is a registered 
trademark 
of Lattice 
Semiconductor, 
Incorporated. 
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14L8 
16L6 
18L4 
20L2 
20L8 
20R8 
20R6 
20R4 


20L8A 
20R8A 
20R6A 
20R4A 
20V8 • 


intel. 


Intel PLD Feature Comparison 
- 
85C220 
IPLD610/ 
IPLD910/ 
5C032 
85C224 
5C060 
5C090 
IPLD22V10 
5C180 
5AC312 
5AC324 


INPUTS 
Dedicated 
10 
14 
4 
12 
12 
12 
10 
12 


Maximum 
18 
22 
20 
36 
22 
60 
22 
36 
Input Latches/Registers 
y 
y 


I/O 
Number 
8 
8 
16 
24 
10 
48 
12 
24 


Tri-State 
Y 
y 
y 
y 
y 
y 
y 
y 


Programmable 
y 
y 
y 
y 
y 
y 
y 
y 


Polarity 
Dual-Feedback 
Y 
Y 


MACROCELLS 
8 
8 
16 
24 
10 
48 
12 
24 


REGISTERS 
Number 
8 
8 
16 
24 
10 
48 
12 
24 


Types 
D 
D 
D/T/ 
D/T/ 
D 
D/T/ 
D/T/ 
D/T/ 


RS/JK 
RS/JK 
Y 
RS/JK 
RS/JK 
RS/JK 


By-Pass 
Y 
y 
y 
y 
y 
y 
y 
y 


Reset to 0 
Y 
Y 
Y 
Y 
Y 
y 
y 


Preset to 1 
Y 
y 


PRODUCT 
TERMS 
Number 
72 
72 
160 
240 
92 
480 
200 
394 
Allocation 
Y 
Y 


LOCAL/GLOBAL 
BUSES 
Y 


CLOCKS 
2 
2 
4 
2 
2 


Asynchronous 
Y 
Y 
Y 
Y 
Y 


Clocking 


SECURITY 
BIT 
Y 
Y 
y 
y 
y 
y 
y 
y 


TURBO 
BIT 


(LOW POWER) 
Y 
y 
y 
y 
y 
y 
y 


intel· 


Intel offers 
industrial 
temperature 
PLDs. Unless 
otherwise 
specified, 
commercial 
temperature 
specifications 


apply to industrial 
temperature 
devices. 
The table below 
lists the industrial 
temperature 
devices. 


Device 
Package 
Speeds 
Order as 


5C032 
D,P 
35,40 
TD5C032-35 
TD5C032-40 
TP5C032-35 
TP5C032-40 


5C060 
D,P,N 
45,55 
TD5C060-55 
TP5C060-55 
TN5C060-55 


5C090 
D,P,N 
60 
TD5C090-60 
TP5C090-60 
TN5C090-60 


5C180 
N 
90 
TN5C180-90 


5AC312 
D,N 
30 
TN5AC312-30 


5AC324 
N 
30 
TN5AC324-30 


85C220 
D,N 
66 
TD85C220-66 
TN85C220-66 


85C060 
D,N 
15,25 
TD85C060-15 
TD85C060-25 
TN85C060-15 
TN85C060-25 


85C090 
D,N 
20,25 
TD85C090-20 
TD85C090-25 
TN85C090-20 
TN85C090-25 


Device 
Package 
Speeds 
Order 
as 


5C060 
D 
55 
MD5C060-55 


5C090 
D 
60 
MD5C090-60 


5C180 
A,K 
90 
MG5C180-90 
MQ5C180-90 


5AC312 
D 
30,35 
MD5AC312-30 
ME5AC312-35 


85C220 
D 
12,15, 
MD85C220-12 
50,66 
MD85C220-15 
MD85C220-50 
MD85C220-66 


• 
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Intel offers 
tape and reel packaging 
of PLCC devices 
in North America. 
Please contact 
your local Intel sales 
representative 
for details. 


Intel has the capability 
of providing 
pre-programmed 
and specially 
tested devices 
in North America 
and Japan. 


Please contact 
your local Intel sales representative 
for details. 


Most Intel ,...PLD macrocell 
registers 
can be preloaded 
with any pattern 
to allow testing 
of all possible 
logic 
states. 
Information 
on register 
preload 
for test purposes 
is available 
from Intel. 


infele 


T 
Family 
FX - 
FLEXlagic 
FPGA (Field 
Programmable 
Gate Array) 
PLO - 
Industry 
Standard 
Architecture 
SSC - 
}lPLO 
(Microcomputer 
Programmable 
Logic 
Device) 


SAC - 
Advanced 
Architecture 
PLO 
SC - 
Standard 
Architecture 
PLO 
Package 
Type 
o - 
Hermetic, 
Type 0 (Cerdip) 
DIP 
N - 
Plastic, 
Leaded Chip Carrier 
P - 
Plastic 
Dip and 
Plastic 
Flatpack 
X - 
Unpackaged 
Device 
KU - 
Plastic 
Quad Flat 
Pack 


A - 
Indicates 
automotive 
operating 
temperature 
range (- 
40°C to + 125°C) 


J - 
Indicates 
a JAN qualified 
device, 
but is for internal 
identification 
purposes 
only. All JAN devices 


must be ordered 
by M38510 
part number. 
(Example: 
M38510/42001 
BQB), and will be marked 
in 


accordance 
with MIL-M-38510 
specifications. 


L - 
Indicates 
extended 
operating 
temperature 
range 
(- 
40°C 
to 
+ 85°C) 
express 
product 
with 


160 + 8 hrs. dynamic 
burn-in . 


• M - 
Indicates 
military operating 
temperature 
range (- 
55°C to + 125°C) 


Q - 
Indicates 
commercial 
temperature 
range 
(O°C to + 70°C) express 
product 
with 160 + 8 hrs. dy- II 


namic burn-in. 


T - 
Indicates 
extended 
temperature 
range (- 
40°C to + 85°C) express 
product 
without 
burn-in. 


- 
No letter indicates 
commercial 
temperature 
range (O°C to + 70°C) without 
burn-in. 


Examples: 


QD5C060-45 
Commercial 
with burn-in, 
ceramic 
Dip, 060 (600 gate) device, 
45 nanosecond. 


·On military temperature 
devices, 
B suffix indicates 
MIL-STD-883C 
level B processing. 
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The Intel EPLD Technical 
Hotline 
is manned 
byap- 
plication 
personnel 
every business 
day. The number 


for 
the 
United 
States 
and 
Canada 
is 
1-800-323- 
EPLD 
(1-800-323-3753). 
Outside 
of 
the 
U.S. and 


Canada, 
contact 
your local 
Intel Sales 
Office. 
The 


Hotline is provided 
to assist with technical 
questions 


concerning 
Intel EPLDs. A recorder 
is connected 
for 


receiving 
messages 
during off-hours 
or when all ap- 
plications 
personnel 
are busy handling 
calls. 


Intel has a Bulletin 
Board System 
for customers 
to 


electronically 
transfer 
information. 
Any 
user with 
a 


modem 
can log onto the system. 
The current 
num- 


ber is (916) 
985-2308. 
If your communication 
soft- 


ware supports 
file transfers, 
you can receive 
utilities, 


software 
updates, 
and 
the 
latest 
information 
on 


EPLDs via the Bulletin 
Board. 


Data format 
for the BBS is as follows: 


8 Databits 


No Parity 


1 Stop Bit 


Speed: 
1200 Baud, 2400 Baud, or 9600 Baud 


Transmit/receive 
protocols 
supported 
are: 


ASCII 
XMODEM 
YMODEM 
ZMODEM 
Cyclic Redundancy 
on XMODEM 


Intel has hardware 
designers 
who can help you with 


your EPLD designs. 
For more information 
on design 


assistance, 
contact 
your local Intel field sales office. 


